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INT TRODU TION 


Oil shale, a- star consider ed potential source of motor fuel in the United 
States, is Lone over an extensive area in the Green River formation in 
Colorado; Utah, and Wyoming.4 


Oil has been retorted commercially from shale in Scotland for many 
years,2/ and sh ssa DY the acorn of einige and other sabia egy hi e 
By x refining, the nse oil piees be usta iy ante ma create: products similar 
to those manufactured from erude petroleum. 


The present paper, which was finished in 1986, discusses methods that 
would be adaptable to mining certain American shales, and the treatment 
applies specificaily to conditions 3 in the Green River formation on Naval 


4/ Woodruff, E. G., and Day, D. T., Oil Shale of Northwestern Colorado 
and Northeastern Utah: Gat, ig Survey Bull. 581, 1915; pp. 1-22; 
Winchester, D. E., Oil Shale in Northwestern Colorado and Adjacent 
Areas: Geol. Survey. Bull. 641, 1917, po. 189-198. 
Winchester, D. E., Oil Shale of the Vinta Basin, Northeastern Utah, 
and Results of apron of Miscellaneous Shale eg Geol, 
Survey Bull. 691, 1918, pp. 27-56. . 


Winchester, D. B., me Shale of the Rock Mountain Region: Geol. Survey ’ 
Bull. M2y 1 : O28, 204 pp. : 5 ; 
6/ Gavin, Martin J., Oil Shale - An Historical, Technical, and Economic ; 


Study: Bureau, of Mines Bull. 210, 1924; 201 pp. 

.6/ Gavin, Martin J., and Desmond, join S:, Construction and Operation of 
the Bureau of Mines Experimental Oil- ‘Shale Plant, 1925-1927: | 2 

Bureau of Mines Bull..815, 1980, 153 pp. odin @ ! 
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Oil-Shale Plant, 1925-27, by 


ty, Colo. (from Bureau of Mines Bulletin 





peration of the Bureau of Mines Experimental 


Martin J. Gavin and John S. Desmond, 1930, p. 12. } 


Figure 1.—Naval Oil shale reserves No. 1 and No. 3, Garfield Coun 
315, Construction and O 
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Oil Shale Reserve. No. 1. Estimates of mining ‘ae which were calculated 
on wages paid and prices of equipment and supplies in 1931, are based on 
assumptions that are clearly stated. 


Wages in western Colorado have risen approximately 20 percent and 
prices of equipment and supplies about 38-1/3 percent between 1931 and 
1942. Power costs have remained about the same. All general costs per 
ton should be multiplied by 1.22 to raise them to the 1942 level. 


LOCATION 


The shale richest in oil in the Green River formation on Naval Oil 

Shale Reserve No. 1 usually is found near the top of a high escarpment and 
outcrops in long sad of bold cliffs. Streams have cut through the beds 
and in many places are 2,000 to 3,000 feet below the escarpment. The costs 
of mining consider i in this paper are based upon conditions near Rulison, 

Colo. (fig. 1), at the experimental oil-shale mine, where shale was obtained 
by the Bureau of Mines for experimental retorting. Sampling done by the 
Bureau of Mines at this mine and by the Union Oil Co. of California in 
diamond drilling on en adjoining tract of Parachute Creek indicated the 
presence of an area of shale having a fairly uniform content of oil and ex- 


tensive enough to permit large-scale mining for a period longer than required 


for amortization of the necessary investment. Locations perhaos could 
be found where natural conditions would favor lower costs. In places the 
shale may be found with a small overburden, so that large-scale open-cut 
mining could be done; if so, the cost of mining might be lower than that 
shown in this paver. 


| The oil-shale area considered here is about 2 miles from a suitable 
mill site on the Colorado River. As there is no edaures local supply of 


water, water needed for mining would have to be pumped from the mill site - 


a vertical lift of about 2,500 feet. Owing to the location of the mine near 
the top of an escarpment, little water would be expected in the underground 
workings. The site of the mine plant would be j i below the cliffs ona 
steep talus slope, where the altitude is 7,976 feet. Severe weather is to be 
expected in winter. 
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The mining-machinery houses of Denver freely quoted prices on @& 
machinery needed to equip the mines. a 
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some of the details of the mining methods shown in this paper. W. R. 
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DE DOSEN SE Ss AUR. | : 


The snale contains oil in varying amounts over a considerable thickness. 
Figure 22/ shows the oil content of a 1,350-foot section of shale, as ceter- 
mined by the Union Oil Co. of iG lifornia in drilling on Parachute Creek 
near Rulison, Colo. Figure 3l0/ shows the logs of-the richest section of 
shale at the Bureau of Mines experimental mine and of a corresponding 
section on Parachute Cr eck, The marker is a 6-inch bed of iron-stained 
limestone. ae ie | 


Table 1 gives the average thickness and average yield per ton of 
shale for three groups of beds in mining heights of the same section. The 
beds of Group B include those in Gr oup A, and Group C contains the layers 
of the other two groups. Methods and costs of mining the shale in three 
thicknesses - 20, 44, and 106 feet - are considered in this paper 





Before mining operations are begun, the beds to be mined should be & 
sampled thoroughly and systematically to check the previous sampling. 


The svecific gravity of oil shale varies inversely, ag the oil content. 
Upon the bases of specific gravity given by Winche sterl/ and by Gavin, 12/ 
which range from i.4 to 2.2, the following tonnage factors have been used in 
estimating tonnages in the above three mining thicknesses: 20-foot bed, 
16 cubic feet a ton; 44-foot bed, 15.5 cubic feet a ton; 106-foot bed, 15 cubic 
feet a ton. 


The shale beds are fairly uniform in stratification, 13/ although in - 
places they are quite irrecular. The layers range in thickness from a few 


7/ Assistant mining engineer, Bureau of Mines, Tucson, Ariz. (Mining 
engineer at time of revision in 1942.) | 

8/ Mining engineer, Bureau of Mines, Tucson, Ariz. 

9/ Gavin, Martin J., and Desmond, hn S., Work cited in footnote 6, p. 33. 

O/ Work cited in footnote 6, p. 4. 

1i1/ Winchester, D. E., Oil ic of the Rocky Mountain Region: U. Be Geol. 
survey Bull. 1604 ooo, Ds Loe 

12/ Gavin, M. J., and Sharp, Dk H., Some Physical and Chemical Data ot tha 
rado Oil Shale: Bureau of Mines Rept. of Investigations 2152, 1920, 8 pp. 

18/ Gavin, Martin J., and Desmond, John §., Work cited in footnote 6, p. 26. & 
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Figure 2.—Log of Green River formation showing gallons of oil per ton (from Bureau of Mines Bulletin 315, 
p. 33; data supplied by Union Oil Co. of California). 
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Figure 3.—Logs of shale at experimental mine and corresponding 
section on Parachute Creek, showing gallons of oil per ton 
(from Bureau of Mines Bulletin 315, p. 34). 























my te * aye 










S . ee, 7 
yf em o Re 
oy Ae 










pe ierr ie by at sgn arty 


' s | } 
: 5 ; 
1 i 
" 
i t® > 
} 
A : a 
4 
' 
; i 
ah bi i 
2 " 
: 7 
{ Ls a 
t f 1 
“y ; j 
} 
aT , 7 t ¢ 
5 4 Pe ey a een ee 
Ate : : 
























‘ ’ i 
= : ‘ : f r eT ee ea | 
. - ; 
: * ; weg as lhe : me ee 
* + 
t } ? ; , ene 
; * . 
h ‘ 
f3 
at Mens he 
: id atthe POL» RT a a, Se pk ty £ vy i 
j : p f . ie ny se 7 —t i 
Sie a! Lipid ated ob line tem 
. I : t 
ing > ‘ 
} ‘ 
\ ‘ 
a % ab 
ity i 
‘ } i = z wine i 
i ‘ 
- Hh 
Spoves ary dred and fe 
4. si 4. hy % iste nop ay 
1 , 
ti 
t > ae is 
Apr 4, L 7 4 
‘ H x 2 Hee Oye Abe 
arith ee Ma te etal we : 
7 F : 
k 1 a a 
F ; ‘ i | icy, me Nishibe Lacs id gies a aR teckel I ae ated 
4 ¥ ‘te ‘ ; 
: t ey tne erate Mas Ny 
- if et 
1 
i 
. 
x F z 
- ; 
‘ 
=) ‘ : 
! 
| 1 
, + 
‘ 
ar 
wend 
| f tc giath tin the Lae 
‘> i , 
31 } oD 


1.C. #12 


groups of shale beds in mining wicths, Rulison. 






thickness and yield of 






TAPLE 1. - Average 























Bureau ines samp: sampling se 
a | AVerane | jAverage 
Group [Distance fro | yield, te Wele. 
Thickness, gallons thickness ,|gallons 
feet ner ton 


Eae.& al vier 


LC. 7218 


inches to several feet, and bedding planes form planes of weakness. Thin 
layers of mud (locally called ‘‘mud slios’’) are present in a few places 
along bedding planes. The formation is nearly flat, the dip usually being 
about 2° but rancing up to 4°. Major jointing planes are prominent in 
individual beds and form planes of weakness through the shale. The shale 
is hard and tough and breaks across the beds with a conchoidal fracture, 
except where the break is influenced by jointing. 








Characteristics of the Shale That Would Affect Mining 


The roofs of rooms stand well, as shown by the workings at the experi- 
mental oil-shale mine. A room 380 feet across and 100 feet long has stood 
for two years with but little spa ne From examination of these workings 
it is considered that rooms 30 feet wide can be mined safely. However, 
owing to the ‘‘mud slips,’’ it would appear advisable to run headings at the 
top of the rooms so that the roof can be watche bake as the faces advance. 


Owing to the bedded harantas of the deposits and as a result of the 
experience gained in mining to obtain shale oe the experimental retorts, it 
is expected that the shale will breal in flat slabs, some of them large. The 

ecthod of mining the 20~ and 44-foot thickness i predicated on this assump- 

tion, wherein provision is made for handling large Hon and the shale is 
not to be drawn through chutes until after it is crusned. A caving method 
has been worked out for mining the 105-foot thicldioisde As itis ap ee eo 
that the shale will broak into large pieces, raises larger in cross section 
than in metal mines would be necessary. The bedding planes and Viating 
are expected to allow the shale to cave when a large enough area has been 
undercut. The first material drawn from the stopes probably would be 
coarse, but flat slabs would be broken to some extent by the uneven move- 
ment of the broken mass as it traveled downward. After the initial “‘craw; 
the shale should come to the draw points in sizes that could pass through 
the grizzlies readily. 





ay 


14/ , ‘ ‘ 
The Bureau of Mines has found that oil-shale dust is explosive, 
and precautions to prevent dust exp is sions would be necessary in mining 
the shale. 


MINING METHODS 


shale lies in flat beds, a room-and-pillar method would 


e 
be the most nie tory for raining and the 20- and 44- foc! thickness of 


iS 


seossncieiaindemsiioausaeincnassaiachtont sbaiecisassite A A 0 I a 
14/ Allison, V. C., and Bauer, A. D., Explosibility of Mil-Shale Pust: Chapter. 
in Studies of Certain Properties of Oil Shale and Shale Oil, Bur. et Mines 
Bull. 415, 1988, pp. 75-81. rs 
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shale. The proposed plan does not provide for mining the villars. Because 
of the hazard to men working under the high back, it is considered unsafe 

to work the 106-foot bed by an giiailaaapieg method; hence, the caving method 
is SREORBLER: , 


The minimum tonnage considered wot yield 2,000 barrels of oil 
daily, based upon Bureau of Mines assays and the assumption that 95 percent 
of the oil would be extracted in the retorts. Asa barrel of oil contains 42 
gallons, 2,000 tons daily mined. fromthe 20-foot bed (average yield, 44.3 
gallons a ton) would supply. 42.1 Genie ie percent of 44.3) by 2,000 = 2,000 

AZ 
barrels a day (95 percent of 44.8 x 2, 2) 000). Jt is probable that Sa cgi of 
4, <3 
larger capacity would sive lower refining costs. Four icin tons daily 
from the same bed would produce 4,000 barréls a day. Five thousand tons 
daily from the 44-foot bed (average yield 35.4) likewise would supply 4,000 
barrels daily (95 percent of 35.4 x : OOO at 


aeWedasnil ia) 


Assuming a 10-percent dilution of mithn group C shale Caine an average 
yield of 25.4 gallons a ton) by overlying shale containing about 10 gallons of 
oil a ton, 10,000 tons daily from the 106-foot bed would produce 5,380 
barrels a day. 





Relatively low costs could be expected in mining the oil shale, as equip- 
ment best-adapted for the purpose could be procured and the most modern 
practices followed. It would not be necessary to fit the plan of development 
to existing workings or to use machinery pag on the ground. 


The costs given in this report are based upon the average of those 
obtained where the best practices are followed under similar conditions. 
Mining costs probably would be higher during the first year or two than later, 
after the operations have become well-organized and the crews properly 
trained. 


As the beds are flat and outcron at the surface, no hoisting would be 
necessary. Mining would begin about, 400 feet from the portal of the main 
entry. This distance wouic be left so that the cliffs would not be weakened by 
subsidence and thus cause damage to the surface plant by loosened shale 
rolling down the steep mountainside. The shale would be transported trom 
the mine to a treatment plant by aerial trarnway. 
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Mining 2,000 Tons Daily from the 20-foot Bed « ~ 
A panel system of mining is shown in figure 4. The block shown 

contains 20 panels and would supply 2,000 tons daily for 7 years. Costs are 

based upon the assumption that mining would begin at the back of the block; 

rooms would be started at the outer ends of the panels. The advantages of ® 

Such a system would be that any cround subsidence that might occur as a 

result of failure of pillars would not interfere with subsequent operation. 

In addition, a better system of ventilation could be maintained. Other factors, 

however, probably would make it desirable to start mining the outer end of 

the block. A disadvantage of the retreating system is that about a year would © 

be required to get the mine ready for production, and all of the overhead 

would have to be charged against this preliminary development work. Another 

and serious disadvantage is that the development work for a panel would be 

done beyond the producing area, and new panel entries would have to be Opened 

from the main haulage track, with the possibility of delaying the output of 

shale and of breaking air and water lines. With the advancing system, all 

development work would proceed past the producing area and would not 

interfere with production. If the retreating system were adopted, all entries 

probably would be started before the permanent piping and wiring were put | 

in, which would increase the cost per foot to some extent. With the advancing oe 

system, ventilation could be supplied by running adits at the outside of the : 

block for the return air. 


—_ 





The panels are 1,180 feet long (fig. 4), with 50-foot pillars between 
panels and on each side of the main entry and 100-foot barrier pillars 
between blocks. An 8- by 10-foot entry is run through the panel and 30- 
foot rooms are turned off on each side with 20-foot pillars between. The © 
rooms are 100 feet long. The tonnage from each room would be 20 x 80 x 150, 
or 5,625 tons, assuming that the tonnage from the entry and overbreak in the 
pillars would equal the shale left in the narrow end of the rooms at the - 
room necks. In a panel of 46 stopes the tonnage would be 258,750 tons. A 
20-panel block would contain 5,175,000 tons. 


The broken shale is to be dragged from the rooms to the panel entry 
by scrapers and dumped on a drag conveyor. ‘The conveyor, in turn, would 
discharge the shale into cars in the main entry for transportation to the 
surface. The use of power shovels for loading the shale directly into the 
cars in the rooms was considered impractical because of the large, flat 


Slabs of shale, which would be difficult to load. 


Concentration of stoping operations as much as possible without causing ¢ 
congestion would be desirable, both to allow easier supervision and to permit 
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Figure 4.—Pian of 20-panel section. 
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SLL! Figure 5.—Lay-out for panei, 20-foot bed of oil shale. 
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rapid mining of the rooms to minimize the hazard of falling rock. A daily 
‘production: of 200 tons is ex spected from each room. To allow for starting 


. ahd finishing rooms and for possible loss of time 12 rooms would be in 


operation simultaneously.. Figure 5 shows, at the right, one completed room, 


‘six in full operation, one gered for fall an oduction, and one hee prepared, 
NI on each side of the entry. : hanes 


; The rooms are planned to have & minimum length of 150 feet. Should 


PLA es ee es 


the scrapers prove efficient for longer ‘¢ listances, the width of the panels 


could he increased accordingly, with @ ‘corresponding saving in development 


: Wagets. ; Ore is scraped 400 feet in some metal mines. Ji modern scraper 
hoists and scrapers are used, 200 to ‘ioe feet probably would be the most 
| economical length for rooms. 


T 


Tne cesirability of loading the shale directly into cars in the panel 


entry was considered. To take 2,000 tons daily on two shifts from @ Single 


entry would require a com plicated method of switching. cars so that un- 


warranted time would not be lost by the scrapers in waiting for cars to be 
“spotted. At best, scraping and haulage costs would be higher. To obviate 
this difficulty it was decided to use a conveyor in the entries. However, by 
spreading out the work in two or more panels, the cars ee be loaded by 


the Scrapers if the conveyor were not used. 


Development Work 


The development work necessa ry for : a block ncaa of a main entry 
8 by 10 by 4,100 feet long, a ventilation raise 7. by.10 by 400 feet high, and 
2,460 feet of 8- by 8-fdot ventilation drift across the back of the block. ‘The 
cost of this work’ (except 300 feet of the ventilation drift, as explained later) 
would be charged against the tonnage to be extracted from the block. 


The: development work required. for. SBD Sebel would be: Entry, 8 by 
10 by 1,280 feet long; ventilation drift, 8 by 8 by.360 feet long; and 46 room 
necks, 10 by 10 by 20 feet lone. This work is to be phamees against the 
expected tonnage fr om each panel. preg! 

Main entry. + Under the r etr eeieee plan, the main. mete and the venti- 
lation raise WOUNE be run when no other work.was in RUE eee ’ 

Table 2 gives a ‘detailed estimate of ‘the cost of running the main | 
entry. This doés not include overhead, whicn is carried as a et aeagies item. 


Drilling woulda be done by two men on each shift, and an 8-foot round. 
could be broken. It will be noted that the cost of permanent air and water lines 
is included in the estimate. ‘The. entries would not need to be timbered. 
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TABLE 2. - Labor and supplies for running S- x 10- foot main entry; 
no other operations in: pEoaress (2,000 tons; Z0-f00t foot bed) a . 


_. ,..| Number of ment Labor scale] Foes a 
Pe a eee ee en ee er da itt yess 
Labor, per day: | | ell | ig TE ak ok 


WEL nasou nedivadeoakiaaveuneiacnememes | 
Minera’ helpers \.detsiecdeesiee 
LOADS 4ODSL ALOIS ves ieicte wesrnpeen be stale th 
LOAdEr: DELVES i aia sine’ ‘es arpenye octal % 
LOCOMOTIVE. OPEL ALONS...«nain <jow'eniits a 
Locomotive helpers (switchmen) 
Trackmen and pipemen ..... ice RT 
CORISTCESOY TOD «auns vty natewusauewe 
PHA OME iacceewiacensededacnonentar 









NOE F2 fo DD DD PO DO DO DOU 


Total per day (two 8-foot rounds........ GMOS 6 eS Sea 114.00. 
Per foot woe! AIS Be? Viaaeet aie, or setavestecssoeteatees Muth aie ate 7.13.: 


Power, per abt 








Compressor, 60 h.p. at O4. 05 per h.p. per WOT Sole eee, oer 
Locomotive, 20 h.p)'at $4.05°Ger WibS per MOM. sr lsrenacaokeces 
Fan motor, 20 hobs at 34,05 Der Taps Der MONE sand evegemeeresen 
TOUR Ld uvnddnehesidessdenwandes dh paplege har oped ened s gees teeta rae Lammolnemee 
Per foot ee COVES EA he eka sans Learns cee Eanes try «taal oeeae 6a Cen p neon anes 
Supplies, cost ‘per aot eirereitere 7 sips | oe lc Cte 
Powder, 13 Ib. at site 16 per’ Ib. Boe Moll beh ee Prete bien pei onc pehei eee: 
Weert, Gee Te eres ocean lan ils pene aGne teen aunas te eeeenetne eet 
Rails th ED, DEY VATU) sccwvnssndswetanuedy ag steven sas: Ameen aiianmuales 
‘ fhe x 8 inches by 5 feet long on a 1/2 feet centers, at a sel 
SAO ee eee Ne Ae A ee ee nats ab Taio ee aa Gil HA Ra 132 
Air pipe, 8 in. diameter (delivered) ......:.. a tiga ve teen een eeLde nena 1.44. 
Water pipe, 3 in. diameter (delivered in one nee Bod ee netee 41 
Ventilation pipe (installed) ........... toy volar gh sa heraeia seeks env hee casas peed os 
Toler ie (insted. aA av ccgcar cessor tg tina cras tagheie eter ee teen aie 28 
Drills, steel, and miscellaneous supplies P14 Wise econ A rin ee ea na ae 90 
Total i nay per foot: SIA Bs copy haiti dorepne thet! Baby mage 
Grand pate: sSeeta lull a geileae eather cadMa taut We Ree aes Ru ceUn aan eon . 15.81 
Allowance or 1D: 93 cent for lost time and contingencies , raweuie cores 
Retina cost per f6ot’ CURLERS dally AT Ue teeTCh ers Phone erreee Eis stabaceseee @ 


a ee ee ae ee = 
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The cost per ton for the 4,100-foot main entry charged against the 
shale in the block would be 4,100 by by 517.61 5, $0,014. 
5,175,000 


Ventilation raise. - The same price per foot is taken for tne ventilation 
raise. This raise would not need to be lined, and only temporary timbe 
would be carried up while the raise was extendec. The cost of the 400-foot 
raise, as charged against the shale in the block, would be $0,001 a ton. 


Ventilation drift. - The section of the ventilation drift 360 feet in 
length back of each panel would be driven as a part of the panel-development 
work and charged against the shale in the panel. The drift along the side 
of the panel would be charged agains st the shale in the block. The length of 
the arift from the main ama along the side of the panel, and up the end 
to the panel entry would be 1,440 feet. Allowing 850 of these 1,440 feet as 
development work for the panel, 1,080 feet would be charged against the 
block. Ags the block contains two rows of panels (fig. 4), the total length of 
the ventilation drift charged against the block would be 2 ,160 feet. The cost 
of running the ventilation drift, which is smaller in cross section than the 
main entry, is estimated at $15.00. a foot. The charge against the shale in 
the block would be $0.006 a ton. 


The total cost of preliminary development work that is to be debited 
against the shale as mined as a deferred charge is $0.021 a ton. 


Panel entries and room necks. - In running the panel entries, the broken 
shale would be loaded into cars with mechanical loaders. . The br oken shale 
from the room neck and that broken in widening the entry to the full width. 
of the stope also would be handied in the same manner. 

The room necks would be run concurrently with the entry after the 
face was advanced far enough so that the various ORF TAP Ia would not 
interfere with each other. The broken shale from the heading and the room 
necks could be handled with the same loader. 


After the work was well-organized and crews were trained for specific 
jobs, a bonus or contract system would be es stablished, under wnich system 
it ig estimated that the panel entries and room necks could be run for $3.49 
or less a foot. ! 


Table 8 gives details as to the cost of driving panel entries and room 
necks, assuming that an 8-foot rounc is Grilled by a three-man drill crew and 
removed by a single mechanical-loacer crew during each shift. The panel- 
development work would need to carry only its share of the overhead. 
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TABLE 3. - Cost of labor and supplies for running 8- by 10-foot panel entry 


Re eens eS ES ee 








‘Total cos 
Items for two 8-foot rounds Total c st 








Cost per foot 











POUL MIDST S OY Ou Del Stile s<eniceanaeee teed ov 
Two miners’ helpers at ree per shift ....| ; 
One loader overator= at $5 per Fad ial of a 
One loader helver at $4 50 per shift.. i 4, 
DUPETVISION sesesaans Udiv dina he ie adwh eolesuaueaens F peo 
Steel sharpening, 60 bits at $0. 10 each.....| 6.00 
Drill repairs, 4 machines at $0.60 each. a 2.40 
Explosives, 12 Top Oe LOC Sr ar Wee wana’ : a Bo 
Tracie aut Dre Wag ecansps trees bed Dy fot eg foe 13.00 
COE lL OOS vs pakies sou cy pul beep eaeh cn teenetewhle | 9.00 
Power for drills at $0.75 per arill Tact 3.00 
Power OP Net naita! LOA Si vaganvass oneesee, 1.50 
Pye hes Be LMC RRR IS, OT Bears 
Plus 20 vercent for delays and other con- | 
TANCES The ace Eo Be A Pr ee ere ve devens e 
CTTese Oat et tae bees SLEEP EE TE / 135 


1/ 1/2 shift only on each snift, or one mana day. Mechanical loader at 50 
to 75 cu. ft. a minute can clean up face in half shift. 


The labor efficiency is about 1.6 foot a man-shitt. The labor for 
sharpening steel and repairing Grilling machines, together with power, is 
included in the total charged against stoping, which gives a further percentage 
for contingencies. 


A cost of $10 per foot is allowed for the ventilation drifts; after the 
work is well under way a substantially lower cost probably could be obtained. 


The cost per ton of shale in the panel of the 1,280-foot panel entry, 
46 room necks 20 feet long, and 360 feet of ventilation drift would be $0.040, 
$0.080, and $0.014, respectively, a total of $0.084. 


‘The segregation of the sak Bis opine into labor, supervision, drills 


and steel, power, and other supplies is shown in the table at the end of this 
section of the paper giving the Aiea ot costs. 


stoping 
Before actual steping began, the panel entry would be run, the room 


necks cut, the stope started, the conveyor installed, and the scraper hoist 
set up. 
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Figure 6.— Method of drilling in room in mining 20- foot bed of oil shale. 
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Drilling and blasting. - The rooms would be stoped by a heading-and- 
bench method (fig. 6.). As no hand shoveling is contemplated, rounds would 
be drilled in such manner that very little heer Ie out would be necessary to 
set up a column or drill the holes. | 


A production of 200 tons daily, which would be expected from a room, 
means that an advance of a little over OD feet must pe made daily in the face 
of each stope. : / 


Should 2 10-foot bench round be oroken, a heading round, as shown in 
figure 6, would be drilled and blasted on each of two shifts and the bench 
round on one shift of one day. The headings could be broken full width and 
10 feet in height. In this case the bench would’ be broken with vertical holes. 
If this latter plan proved feasible, a larger tonnage per man-shift could be 
expected than with the method illustrated in figure 6. 


It would not be practicable to drill on the bench while scraping was 
in progress, but if a round should be missed in the heading on the drilling 
shift, it would be finished while the shale was being removed. 


Two machines would be used in the heading. Each would drill 10 holes 
in the face and three 10-foot slabbing holes at right angles to the face from 
the same set-up. A machine shift would be used for each row of eight 10- 
foot bench holes. The following drilling would be required: 


Drill shifts . Feet drilled 


Heading rounds (2). 4 350 
Bench round (1)...... Z 160 
PEEL vaca x cs ceetraes > 6 520 


A stope boss would be responsible for each two stopes under production. 
He would be expected to help any miner having difficulty in finishing nis 
work. The stoping crew would alternate in two stopes. 


Part of the shale probably will break into fragments too large to be 
handled readily by the scrapers. Provision has been made for two jackhammer 


runners on each of the scraper shifts to plug and break boulders too large 


to be handled. 


The cost of labor for stoping, per 10 feet of advance, would then be as 
follows: 


10 shifts of miners at $5.00..... $50.00 
7 SINE DOSE seas. SESS Naraepare ee eo) 
CNP ai anakaces LE TED ERA pheeD i, eee 
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The cost per ton would be 


55.50) ox 30.148. 
oie | 


The cost of labor per ton for repairing drills and sharpening steel is 
included in the estimate for surface labor costs. The cost of steel, drill 
parts, and other supplies is estimated at $0.05 per ton of shale mined. 


The plan of Grilling shown applies’to the most difficult breaking con- 
ditions likely to be encountered. Production of 58 tons per drill shift is 
indicated; it is probable that this would be exceeded when the. best practice 
for the conditions existing had been determined. | 


The top slabhing holes, which are shown in ficure 6,.are 5 feet apart 
horizontally and 4 feet apart vertically. The bench holes are 6 feet apart 
vertically and 4 feet horizontally. Horizontal bench holes have an advantage 
in that a smoother bottom would be provided for scraping. Drilling the top’ 
slabbing holes as described fits into the drilling plan but may tend to weaken 
the pillars. By drilling the holes across the beds fewer large fragments 
would be expected, although more holes would be required to preak the 
rounds. A compensating saving could be expected in that fewer plugger- i 
machine shifts would be needed. 


Drilling the flat holes on the face of the bench presents difficulties. 
Hand-held drills for this purpose would be suspended by a small rope block 
from a tripod having adjustable legs made of pips. The bench could be broken 
with vertical holes if found desirable. 


Explosives. - Forty-percent-strength gelatin dynamite was used 
satisfactorily at the experimental oil-shale mine. Shale or shale dust was 
not ignited by the explosive during the operations; however, only a limited 
amount of shale was mined underground. 


The shale is combustible; rnoreover, under Some conditions, shale dust 
forms an explosive mixture with air. 


Before blasting, all settled dust in the stopes would be washed down or 


sprinkled. No evidence exists that explosive gases would be encountered. All 
blasting is to be done electrically after the crew has left the mine. 


8956 ee 
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In addition to the standard precautions taken to prevent fires or 
explosions it would be preferable to use a permissible ares sive for blasting 
the shale. For a coal-mining explosive to be classed as “‘permissible,”’ 
only 1-1/2 pounds can be shot in any one hole; RHE, larger quantities 
than this would be needed per hole to break the shale. 


A carbonite ““permissible’’ probably would break the shale, but the 
resulting (gases would contal in an excessive amount of carbon monoxide. 
Use of a “permissible’’ would necessitate a better phen maw system and 
require a longer interval between shifts than if blasting were done with a 
gelatin dynamite. It would be necessary to blast boulders see the lunch 
hour under the plan of mining being considered. This requires an explosive 
such as gelatin, which does not produce much carbon monoxide. 


Forty percent-strength gelatin dynamite was used and proved satis- 
factory at the exyerimental oil- 68. ald mine. Shale or shale dust was not 
ignited by the explosive during the operations, but as only a relatively small 
tonnage of snale was mined, this experience cannot be considered conclusive. 
The mining operations, however, indicated the quantity of this explosive 
required per hole to break the ground. The methods of blasting and the 
cost of explosives discussed in this paper are based upon use of the 40- 
percent~strength gelatin dynamite. The problem should be studied further 
before actual operations began. 


The explosive required for a 10-foot advance in a stope would be as 
follows, using 40-percent-strength gelatin in 1-1/8- by 8-inch cartridges 
for stoping: 





Cartridges 
2 heading rounds, 20 holes each, average 5 
CSPI Oe ST NGS \Vcaxitecndacvdsoancaraleenrs 200 
12 top-slabbing holes, average 8 cartridges 
He ol Joa cable rhage nu bud hGndieus sabes ranaeokanseapeaadis 96 
16 bench holes, average 10 eer ges each ‘6 Gu 
456 


4056 cartridges at 0.04 pound each = 246 pounds. 
Pound per ton = 246 = 9 6g. 

| 2 cB 

ES <plosive cost per: ton: O Bers SOrb 60S 7S OO 


8955 - Shea - 17 - 





LC, T2i6 


Transportation 


- Scraping. - Electric triple-drum hoists will be used for pulling the 
scrapers. The hoists will have a rope pull of over a ton and a rope speed 
of over 200 feet'a minute at full lcad.. Hach hoist weighs about 6,000 pounds. 
They willbe mounted on a substantial plaftform over the conveyor in the 
entry (fig. 7), from which place the hoist can null from the room on either 
side. The same scraper can be used by pulling it from one side to the other 
over the drawbridge. : io oe 


Heavy scrapers will be need :ed to: eee the large, flat boulders. A 
box-type scraper would ride over the large boulders, and a straight blade- 
type would not nave sufficient capacity. A scraper (fig. 8) used by the 
Tennessee Zine Co. at. Mascot, Tenn., has a curved blade and works satis- 
factorily on rocks that break similarly. 

Two men should be able to handle 200 tons a shift from a room, as 
it will not be necessary to delay while waiting for cars, and an ample 
- supply of broken shaie pie be hldien ~ 400 tons after cach. round, 


¢ ne ge ily labor cost ove be: 


S60 wr. 
12 scraper men at $5 per shift 2,000’ °f $0,000 per ton 
iz helpers at $4.50 per shift $54 or $0.027 per ton « 
Scraper boss, 2 shifts at $5 pet $c2:000 tons - $0.006 per ton 
30.068 per ton 


Total labor BEIGE es BEGs Maitis's Sind. n de Gabe sees Oe ad eev 


“The power consumed by the scraper hoists.is 270 horsepower a day, 


or, at $4.05 per horsepower a month, a total of $36.45 a day -(for-centinuaus.. 


peak load). This gives a cost of $0.018 a ton. 
Scraning is charged with $0.080 a ton for supplies and upkeep. 
The total cost of scraping is therefore $0.129 a ton. -: 


Conveying. - Conveyors His been used only to a limited extent in 


metal mines but have proved satisfactory in coal mines.. A conveyor-system. 


appears to fit in well with the method of mining shale herein proposed. “The 
operators of scraper heists will dump the loads near the hoists and can 
watch the loading. The sectional drag conveyor chosen As easy to install 
and follows irregularities of the floor.£2 | 


15/ Since 1931, after this paper was prepared, belt transportation has been 
adopted in a number of metal mines. Present (1942) standard instal- 
lations using rubber belts probably would prove more practicable than 
the type described herein. 
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Figure 7.—Method of using scraper loading in 20-foot and 44-foot beds of oil shale. 
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Figure 8—Hoe-type scraper used by American Zinc Co. of Tennessee. Courtesy of American Zinc Co. of Tennessee. 
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Laving the conveyor is included in the cost of extendi ng the panel 
entries. The conveyor is made in €00-foot sections. One section discharges 
on the end of the next one in line, anc the last secticn dumps the material 
into cars in the main entry. Fach section is driven by a 20-horsepower 
motor. The starting switches for all four sections would be at the point 
where the cars are loaded. The plan calls for one train to be loaded while 
a second train is being dumped. While a train is being loaded, the empties 
of the next would follow it under the end of the conveyor. As the hoistmen 
are stationed at the conveyor, scraper loacs would not need to be dumped 
if for any reason the conveyor was stopped. The two men comprising the 
train crew could load the trains and operate the conveyor. A flared extension 
of the top of the body at one end of each car would prevent any of the shale 
from falling on the track while the train was being moved. 


A man is provided on each shift to watch ‘the conveyors and keep them 
in good order. A second panel would come into production as the one on 
the opposite side of the main entry or the one next in line on the same side 
was finished. As a panel is advanced toward the entry and the end section 
of the conveyor is no longer needed for handling shale, it would be moved 
into an entry being extended. If the work were properly balanced, eight 
3800-foot sections would serve two panels from which shale was being drawn 
and also for extending two new entries. 


The cost for labor charged to the conveyor would be 2 shifts at OD, 
or $10. | a | 


The cost per tdnn would be S10, or $0.005. 
2,000 


The power reanrenien. per ton (see table 4) would pe 0.95 kw.-hr., 
or $0.011. - : 


The cost pex a of n necessary. supplies is estimated at $0.004, making 
a, total of $0. 020 a. ton for conve ying. es 


Locomotive haulage..- the ore is to be beh out the main entry in 
5-ton-capacity Granby-type cars by 8-ton trolley locomotives on 86-inch- 
gage track with 40-pvound rails. Tracks of the’ same. gage but with 12-pound 
rails will be run in panel entries for handling supplies. The locomotives will 
be run by 250-volt direct current, which will be te 44 down from 2,200- 
volt alternating current by a motor~ generator se Late the portal of the adit. 


The type of car specified is gedpeenee to handle large slabs dad to with- 
stand heavy service. The car boxes are & feet long, 5 0 teet wide, and 3-1/2 
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TABLE 4. - Power requirements and costs for mining 20-foot bed, 2,000 tons daily 


(Cost of power at $0.0075 per kw.-hr., or $4.05 per horsepower month continuous service 


ah. | Motors service |Kw.-hr. [Horsepower per ton - 
. Sy ear eee S Beas Bore ee Ss ee, ; n= . 
Total” |per dey, | per 


a a | lof ore over 24 
Item | No. | Horsepower] horsepower; hours | ton ore| hours per day 
Con Spee te keds e + 6 -— °Se-o Re £. Se tt + 2 


3% a2 OY | = “$Gn O67 
Two ole We ee 16 | Ss Oil 
DW CONVO IOGS «Grete > «+ bs ews 16° 295 O11 
ig ak > Bah ok s ee rere 
Un Pork ee. ed fa ee ee 
ORE Pe Ore ewe. cicten tics se Sh ee 
rps oe Ors ie oe athe we 
Lights and: misceilaneous.... 
ge Se eS * re eee < eee 
codes OD Mies Se nb stew ke + ee ee 
Totel mine-power requirement 
Cae ads Scr te aes a «ek Ss de 
oS ee 7a Ge peas See 
CPUueeer SOON MOOR es. 2 Sh ess 


A ER. Recap eX Serene - Se 2 See 


OLY oon ha tie ake was o 6 OO So -2 0 
a 
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feet deep and stand 68-1/4 inches above the rail. The dumping arrangement 
will be erected over the hopper of the primary crusher or over the shale 
bin, if one is used. 


The main haulage track w ill be straight. Although the beds dip up to 
4°, the block will be laid out so thet the main track will heve as nearly as 
possible a 1/Z-percent gerade in favor of the loaded trains and still keep it 
Straight. With a new installation designed for the purpose and an adequate 
track, very few derailments should occur. The only curves in the track 
would be at the surface. The average haul would be about 2,000 fect. The 
cost of haulage, incu De a motor crew on development work, is estimated 
as follows: 


‘ LwoOwe 


Curmotormen: at $5 aseadtsqubuelanevennd-: 4B 8Q.00 
6 peage men or motormen helpers 
og oh ele NCR 57.00 


Labor cost per ton $57.00 00 = $0.028. 
2,000 


The power requirement would be 0.950 kw.-hr. a ton at a cost of 
~0.011. ‘Phe cost of supplies is estimated at $0.011 a ton; the total cost of 


direct haulage would be $0.050. 


Ventilation 





The ventilation system with the retre ating system of mining is indicated 
in figure 4, in which arrows indicate the direction of the air currents. An 


exhaust fan would be placed on the surface : t the collar of the ventilation shaft. 


‘The main air current in the main adit would be drawn through the panel 
entry and thence through the véntilation drift to the raise. When two panels 
are being worked simultaneously, the circuit would be split. Doors in the 
main entry would be put in past the working area and would not interfere 
with tramming. Should further ventilation be required in the rooms, cross- 
euts could be run through the room pillars when the face had advanced about 
half the distance, and air could be drawn directly through the stopes, the 
far end of the panel entry being closed with a door. As rooms and panels 
are finished, they would be bulkhcaded off from the ventilation circuit. 


Should mining be started near the portal of the entry, half of the block 
on each side of the entry would have to be ventilated separately by means of 
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fans at the portal of the ventilation drifts. The main‘entry would be the c 
intake. The same footage per panel of ventilation drift would have to be 

driven in either instance. Ventilation drifts coming to the surface also 

would be used for transporting supplies. 


Lighting. - As the shale is inflammable and the dust may be explosive, 
closed lights should be used. The men would carry electric cap lamps, and 
the faces of the stopes would be lighted by electric flood lights. The parts 
of the panel entries and the main entries where work was being conducted 
would be illuminated by the usual electric light. If explosive gases were 
encountered, all motors would have to be of the ‘‘permissible’’ type. 


Crushing. - ‘To handle the shale by aerial tramway, it must be crushed. 
The shale aiso requires crushing for retorting, and this crushing to the size 
required at the retorts would-be-done at the portal of the main entry. A 
crushing plant would consist of a 36--by 48-inch jaw crusher, which would 
take the run-of-mine shale and reduce it to. pass an 8-inch opening. From 
the jaw crusher the shale: would be fed by a 42-inch steel pan conveyor, 20 
feet long, to a cone crusher, which would break the shale to pass a 2-1/2- 
inch screen. From here it would be taken by a 30-inch belt conveyor, 40 - 
feet long, to the storage bin at the upper terminal of the tramway. 


The crushing plant would handle 2,000 tons in 8 hours. Should a storag® 
bin be provided, crushing could be done from midnight to 8 a.m., when the 
compressor plant would be idle, to keep down the maximum power load. 


The cost of crushing is estimated below: 


Labor, 2 shifts at $5.00-= $10.00 a 


TOT o i cba wits pti ati lti pease pi pa 
Aas 016) 
Power ver ton (see table 4).......06 .006 
. Repairs and Supplies ...seccccees nutia /O19 
ORE Las atte Mates a ashvadilbais tate tase vstnlbaataie 0.080 


Difficulties can be anticipated in handling the flat, coarse material, 
aS mined, through a gate or chute in an ore bin. A ball-and-chain gate would 
control the flow, but the flat blocks probably would cause arching. A storage 
bin ahead of the crusher would be desirable; however, unless a satisfactory} 
feeder could be designed to permit uninterrupted feeding of the crusher, 
costs could be lowered by dumping the shale from the mine cars directly into 
the hopper of the primary crusher. This last practice is followed ‘in open- 
cut copper mines, where coarse material is handled. 
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The large fragments probably could be handled through an 8- by 10- 
foot opening. The bottom of the bin under the opening would extend outward, 
forming an apron having sides tapering down to about 5 feet apart at the 
lower end. The end of the ore stream would rest at its angle of repose, 
beyond the end of the aed on a pan conveyor running at right angles to the 
front of the bin. The shale would be drawn from the bin by the conveyor. 
Probably one man could keep the large slabs, which tend to hold back, barred 
down, Another man would be required to watch the crushers. By dumping 
the ore directly into the hopper of the first crusher, one man te ouIe run the 
crushing plant. The labor charge would be the same, whether the plant were 
run on one shift and the ore drawn from a bin, or on two shifts and the ore 
dumped directly into the crusher. 7 


Total power requirements. - Power would be available in nearby mining 
districts and could be purchased at 3/4 cent per kw.-hr., or $4.05 per 
horsepower-month continuous service. Byproduct gas would be made in 
retorting the shale, and S, is thought that enouch power could be generated 
at the plant from this waste gas to supply the mine and plant. 


The plant would be credited for the power at the rate at which it could 
be purchased from other sources. 


Table 4 shows the total requirements for power 2 and its distribution for 
mining 2,000 tons a day from the 20-foot bed. 


Aerial tramway. - Fred C. Carstarphen, consulting aerial-tramway 
engineer of Denver, Colo., estimated ae seed Sica OL » building a a 2-mile 
and ‘that the cost of transpor meg | “000 ¢ tons of ore > per & hours to the retorts 
would be $0.025 a ton. | 


, ; j 
Most of the mine supplies will be tr pe ad to the mine on the tram- 
way from a railroad spur at the retorts. 


The tramway will be of all-steel construction and have automatic- 
bucket loading and dumping devices. Each bucket will hold 3,800 pounds of 
shale. 


General underground labor. - The daily wages of two timbermen, two 
trackmen, a pipeman, and a pipeman’s helper are charged as general under- 
ground labor. This amounts to $0. 019 per ton of shale mined. 


Surface labor charged to underground mining. - The surface labor 
charged to mining is given in table 5. This amounts to $0.081 a ton. Mis- 
cellaneous surface labor also is shown in the table and amounts to $0.0380 
a ton. 
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TABLE 5..- Labor for mining 2,000 tons daily from | 
.20-foot bed, including development 










fer | No. men ‘Wage scale 
Classification ber day per shift |Amount per day 
if an. 1931 | 












Underground: | peered: 
NIMES, UY StODES asqganacns uonenn nes bik) Cee @ DLs 
Miners on development .......000 8 | 6.00 
Miners’ helpers on development | A | 4,50 
Loader operators on develop- 

PISHE spshenakadenrbacicuebhcaencnyaes : 2 5.00 10.00 
Loader helpers on development. | a) 4.50 9.00 
scraper hoishmen, StOping. secs. oe wal 5.00 ‘60.00 
ocraper-hoistmen helpers, | 

tht yell ll cee dill i dorgit eagle 4.50 54.00 
BOTROS? DOMES actemitiguassbaeaetons tain 6.00 12.00 
Commeyor Operators tsascowsearsexes | a 5.00 10.00 
Bboioe TAB BEH. sm vaesdarargmuiesiorses | oe teed ee 33.00 
Motormen........- Ficercnstatetsctat | agelhe: 5.00 30.00 
Motorman helpers .s..ssesccseoevees | 6 | 4.5 ian 
DO Gee can atnini reas eridasiuamenan tosde e ra 4,50 2,00 
CUINUEL LACT conteeeheousayembarahes en an a ' 

TEACKOICN ccnger snes sanascayeaneurecesa | 2 | 
PIUPSINON ssewpcngs tons itagseretaasxrnses | ee 
Pipenian & HCIWST «Gis ess ane nes es : 1 
File Noel homecare 4a F480 
Surface labor charged to mining; | | 
COMIPTESSOPINGID ssieeeVidpaeowabedss : be | ). 
PSC ie Venckidwnanduemenczecewess | Rieck : 
Drill sharpeners ..sevvecseseceeeee | 2 | 
Drill-sharpener helpers ss..s0s00 y 2 
Dra, PEpeiemen usislaweludeasoes 1 | 
Metta enctnaupcaneays Asano ctatdurcene | 1 ie 
PLO GEPICI ONG c2> dehaar ‘thas hastace | 5 RA: 
Blectrician’ Ss helOar vevennecssecns | Ae 
Crushermen........ SU GAG sO an ea ay | By 
"EAN Wart, BRADNER op Ginn pwmenasar ao go) | 
BESTOW GY LINEMAN feqepinupdiny maoeneae | bait 
Miscellaneous surface labor: | 
TEUCK GLIVEPS. vesseonsrcaveases 2 5.00 10.00 
nei DE APE nuns iat senamametondwnn | 1 | 6.00 6.00 
ROUSTADOUUS tal & sa dnambacamacma | 4 4.50 : 
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9 TABLE 5. - Labor for mining 2,000 tons daily from-20- 
foot bed, including development (Cont'd. 
Yo. men | Wage scale 
Classification per cay | per shift | Amount per day 


2 shifts FA ENO SY 


wee ee 








Supervision: 

SUVST MACHOL daleadsveiciurensevos tie $13.90 
PAS SOY CII seb cespicsecdnvedecnsas ‘ 1 8.00 
ia iriwaery foreman). Gis ee 1 8.00 
PEM OOSsos whi 25. ah 4 23.00 
Chiefiengineer wie... Shs San She 1 8.00 
Assistant engineer.....csecsseeeese | 1 6.00 
Statin Mechs togiheteAs,. 1 4,50 
Clerk-purchasing agent.......... | We 4,00 
TOOT bck il esconsachacnacsnbipan 1 5.00 
NAP SNOUSSINAN 1. UR net ahi) | 1 8.00 
Warehouse Nelper..ccrsccescsessees | 1 4,50 
Wotan RAS. PO MB A] B78 97.90 
Grand total. roe, PA ORS: eget cs 659.40 

DAK CDOT Se. IL APES 

‘9 Tons per shits. Meet Ao0.2 

Labor and supervision per ton. .4380 


Plus $0.020 per ton for work- 


men’ s*compensationyi. 08. .020 
Total operating labor cost per 
ae Vee aA OES TRONS tes MRR Reyer ae a 450 


Electrician, $225 per month. 
Superintendent, $10,000 per year. 
Foremen, $240 per month. 

shift bosses, $210 per month. 

Engineer, $240 per month. 

Assistant engineer, $180 per month. 
Clerk-purchasing agent, $240 per month. 
Timekeeper, $150 per month. 
Warehouseman, 3240 per month. 


supervision. - The supervisory force listed in table 5; the cost of 
supervision is $0.049 a ton. 


Total labor and scale of wages. - A force of 167 men is contemplated, 
with a daily pay roll of $859.40 (see table 5). 
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The wage scale is shown in table 5. This is the scale paid in January 
1931 in western Colorado mining districts, from which the labor supply 
would probably be drawn. The table also shows the total shifts and tota] 
labor cost per ton. 


Workmen’s compensation. - The Colorado rate for 1931 for under- 
ground mining was $4.27 per $100 of the mine pay roll. The cost would be 
$0.02 a ton. 


' Surface plant. -~ It is planned to have the camp site in the valley near 
the retorts and transfer the workmen to the mine by busses. No camp site 
is near the mine, and excavation must be made in the steep mountainside 
for all surface structures. A bench will be made at the level of the main 
entry. On this will be constructed five 20- by 50-foot buildings for shops, 
warehouses, change rooms, and mine office. 


Total plant, interest, and a martianhion, - Table 6 shows the equipment 
necessary to mine 2,000 tons of shale a day from the 20-foot-thickness of 
shale. Most of the prices given are actual quotations furnished in January 
1931. In a few instances, as shown, estimates were made. Freight was 
calculated from the freight tariff in effect in January 1931. Cost of installing 
equipment was calculated from an estimated price of 50.027 per pound of 
the machinery for setting it up ready to run. 


Total cost of the equipment is $629,346. This would be amortized 
over 15 years with interest at 6 percent. A total of 10,800,000 tons of shale 
would be mined during this period. Interest and amortization would be 
$0.130 a ton. 


Cost of supplies. - Table 7 gives the prices of material and supplies 
used in mining and development. 


Summary of costs. - Table 8 is a summary of costs per ton for mining 
2,000 tons daily from a 20-foot bed of shale. 
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TABLE 6. - Capital cost of plant and equipment for mining 2,000 tons 
L ) Gaily from 2O0-foot bed of shale as of January 1931 


Underground mining equipment: ra, 
Drilling equipment (delivered at mine from Denver): ~}_ 


22 drifters, 110~pound, at $33B..cc.cceseesseceeeeveee| $ HBO. | 
Lebeckhemmers, Fasvounds at SSO v4.00 AP ts tee 4,860 | 


l6heckhammers, 20-poundy AO SLO wecveseres acters SfLAG 
AP Se ee EN Ap BE SI Rel BO Spe a Oe on Bog 
Ait hose, 8,000 feet of i=ine at: SOS7Ssecsrasesiasessc te five 
Air hose, 1,500 feet of 3/4-inch at-$0. AES seeerereerecens 365 
vreter hose, 2, OOO tee at SO tO either er se reel tek 309 


Beal Stee), 20 000 nouns at SOLOS v.ccacovensvsesn thane 2, [OO 
22 drill:columns, 38-inch, single-screw, complete, 





Be er acamocbut TRELRAARETASEELTADESENS 22 iby ss eddy Seder emcee «OREO TS 
Total drilling equipment .....cccceceseetceseesessecooeens sy | 
Ore-transportation equipment undergrounc: 
2 trolley locOMOtiVes, G-tOM ssseresscseccicccecesscevccsacce 9,884 
1 trolley locomotive, ‘4 LOGY AE Woe oe codes Meee hee eet Ae 3,000 


Freight on locomotives, at $3.08. per. cwt., Missis- 
Ssippl River. points to: Grand Junction peng pets. Mapes 

1 synchronous motor-generator set, 150 kw., 250-. 
volt d. c., 1,200-r.p.m., 3-pnase, S0-cycle, 2,200- 


9 volt a.c., complete with auto transformer. 4 









- Eh EY LO Siencasaseuvcareqsneg ens opaceseesnnaneaises seer 

Freieht on motor-generator set, so Cagis: rn. tO: 

Colorado common points, at $1.485 per cwt .........6} Oo 
1 2-panel, manually operated switchboar ws shipping 

WGITHL LOUD LO, vacestsectateevesd eres stcncie tes eese es ered torte 850 
Freight on switchboard, Pittsburgh Sa Colorado .. 

common points, al-OT.40y per sewt, vi viens iad. AVIA O4. 
1 automatic d.c. feeder equipment (800 1b.) .........606 300 
30 cars, 5-ton capacity, Gr i type, weight approxi 

mately.8,000 Ib.; at $650-..sseie, Se SRE AGAR: 19,500 
Freight on cars, at $0.70 per ewe, Denver #0 

Crand Tuncion Atce rb iearesse en: sernews oF rete 3 sie shes eae 1,680 
10 cars, 2-ton, side-dump, v Woe Bs 000. Ib. ie 

development workirettetssrteP A Nerd) ATT mails Sah , 000 
Freight, at $0.70 per CW ..ccccessceeececneeescsssersusoreees 210 


2 conveyors, 36 inches wide, four-200-foot sections 
each conveyor, each section with 20 hp. motor, 7 
complete and installed in-Mine ssisssseessesesedeceeeteee 80,000. 

6 electric, triple-drum scraper hoists (1942 price).. 20,034 

6 scrapers, including sheaves and cable, at $210, . 7 
Pe OVO... Bi ciewbbuitenaisatedeensrarmn sg itiaeneivnense isis ekesees 1,260 
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TABLE 6. 


ie from Faoen ote -f ct bed at adie as cee 





Underground mining équiprent: (Cont’d.)- 
Ore-transportation equipment un: sreround: (Cont’d.) 
2 loading slides TOK scraper joad ae. in entries - 


(made @t mink) visseusegseceudt ete te Mee ee ee eee 
2 mechanical loaders ue ceuces 4 vase © Gale wie Wiste © @. 0 & aie @ atate aietavemia ae 
Total transportation SUREEE em ats delwthaletbe te aks 


Ventilating equipment: 
1 fan, 47,000 cu. ft. per min., against 1-1/4-inch 
water gage, delivered at mine .... 
ee blower, positive pressure, for driving initial entry 
1,650 cu. ft. per min:, at 295 repim ., delivered at 
Taine <r fs 
1 10- ioe ee (to be used successively on both fame), 
‘delivered at mine’ athe 


OS o «oats eoeceoee Peeeerergareesevegeseeesses 


@eee@ oeuvre ererseeovoeerseseeoseeee 


@aoceveseveeoeve 


wecatseoeoeeeoeeeeeeeseeoeoeneene 


CU ee ene 


Total ventilating Stuipeet ee » Hiden ganthicnagteuae 
Total cost of underground mining equipment 
Outside plant: 
Compressor plan 
1 Phere patt é: O00 cu. ft. per min.: capacity at. 
0,000 feet altitude, complete with 1,000 hp. syn- 
chronous motor, receivers, starting panels, and 
electric: equipment, pint 20 days’ time of 
CROC IOT Wis al achave Liwieivted ‘ 
Freight on ehetorneens (101, 000 Ib.) »), motor, and 
auxiliary equipment (25,000 ib.) at $1.485 per ewt., 
Pittsburgh to Colorado common points ......... siyareigaras 
Installation of compressor plant. 
Total of main plant (exclusive ef ‘er ucking) .. 
i compressor, 450 cu. ft. per min. capacity, : norms 
for driving main entry....... : 
Freight on compressor, weight LO Teele 6 die acai 
1 motor, 75-hp., 900-r.p.m. (rete ey 700 1b.),:- for 
driving compressor, delivered 
Installation of compressor and motor, at 2- 3/4 cents 
per GoGuM.... Kcacbeunans EERE ee aE 2 9 Gisubiater seh digest cibetsse ts 
Total of development compressor plant sn gwen Sear sgie Ta 
Total cost of compressor pl Ral . 
Shop equipment: 
2 sharpeners for drill steel, at: de 000 .. 
Installation and freight ........1.i6iser 


oR re a  — 


eoee 


eseene e@resceevecean 


ecereees eres ocee iy Miele ehaie-'s 8 0 6 6:9)0 ase a6 aele 


eeoctve 


Cee eee revesreseeseevresseconn 


Cesc eoevesescaeevwaraes 
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1931 Cont’ Za 





| 
| $113,139 
| 
| 
| 
| 
| 














| 144 





Outside plant: (Cont'd) 
Shop equipment: (Cont’d.) 
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TABLE 6. - a cost of plant and id equipment for mining 2,000 tons 


is ( 


RENE meee et et Me ee ee re ee ee we 





Accessories for sharfeners (dies, dollies, ‘formers, 


pie 


punches, § etc: ) i, SORAPT DN SRA ORE ANE Cor Cocos rserevocseeveress 
2 oil forges, complet? with motor and blower, 
ae Les pects Be eesoee ee 


Installation ete | Bae nly ytd idle hem mieten reba ban tepepted 
2 pedestal grinders (air motor), installed ..:....-+.+60> 
1 blacksmith fomed, Complete, INStalled.. sts yee eas one 
Shop tools (électrie drill, anvils, etc.) oo. .ui eeessreneee 
Cut-off saw with 5—hp. motor, “ong baht vc api mae DOA 
DO BNOU CM ULOIMENE catuelavstanedseteschesseramesargen: 
3 transformers, 75 kv.-amp. (440-, 220-, and 110- 
Bist EI gsc UTE nay ern uate cat Cae Dah ak mp chee 
5 frame buildings, 20-by 50 feet, for shops, ware- 
houses, etc., including locomotive pit, at chats itgse 
Excavation. for buildings, T,000 cu. yd. at.$1.35 cos... 
Office, warehouse, changercom, engineering equip- 
SE alle AIDES lye pda eylilettnte cated tit di fl laieitehehyky ALD yay AAR Nty AN 








Ore tC EMIS seasccaaceracens« ent > hgeer tenes ee Ea 


UGC IORI POC Rieddda deena sieorguescanssivrpeivneevaegennererees 
Mine rescue and first-aid equipme ae Pept sited hye ie ait ted 
surface transportation equipment (one-nalt charged 
to treatment plant): 
1 truck, 5-ton 
1 truck, 2-1/2-ton 
1-truck, i-ton 
2 touring cars 
T@tal. value of cars cChareec’tO Mine occ eessas erg 
TOTAl GUPTIECS MENG SOUIDMCTIC wrasterserecrseeenutersccegess 
2 ore bins, steel, 5,000 tons capacity, at $45,000..... 
Ce VOmOn SOT WIMet eerste ce cect ecste ces EST TEL 
Total cost of ore bins (exclsuive of trucking)...... 


Crushing plant: 


1 jaw crusher, 36 by 42 inches (run-cf-mine to 3 
RTT ees ed vea et. Coe ce atonal TF tke sabe an deste cers tc enterse rags 

Freight on crusher, 118,000 1b. at $1.145 per cwt., 
Milwaukee to Colorado COMMON POINES w..ccecceccevees 

Motor, 100-hp., 600-r.p.m., weight 6,810 Ib., 
Cee aris sth Baleravtede uss sais creencwatcnmrserthesekecteoeee? 


Tex-rope drive, delivered ceiteccecsteeeeserserssssserereetee | me 


i 
Do 
CO 

i 


eee ee 


2,900 _ 


aily from 20- io ‘foot t bed of shale as of January 19 931 (Cont'd ) 


a ve cee ce eer nets 


90,900 





15,000 
1,351 


toot 








LC. 3223 


TABLE 6. - Capital cost of plant and equipment for mining 2,000 tons. (( c 
: daily from 20-foot bed of shale as LORE ISEy 1931 (Cont’d.) | 

















Outside plant: (Cont’d.) 
Crushing plant: (Cont’d.) 

1 cone crusher, secondary (8 inches to through 2-1/2 
BHC OS janis (pl igds wir ce COP OMANDE NBN UC oH boa ose aeRO eRe 

Preignt, 65,000 tb, St tba .coo: Bem CWE anata cuban 

Motor, 150 hp., 600 r.p.m., weight 7,270 lb. delivered 

LEX LODE VIVE FOC LIVE rao a aueiaewieey uy se nubaes eke cae eaats 1 

1 pan conveyor from coarse crusher, 20 feet long, 42 
inches wide, steel aprons, speed 52 feet per minute, 
7-1/2-hp. motor, weight 20,000 lb., cormplete «........ 

1 belt conveyor to ore bins, 40 feet long, 30 inches 
wide, with frame and rollers; and 1 40~ foot belt 
conveyor with speed reducer and 3-hp. motor, 
Timken bearings, belt 5-ply, 28~ounce duck with 


3/16-inch covers, weight, 13,000 Ate complete........ 
Freight on both conveyors at a1, Dy OG CWE a ihet veut | 
1 crane, 12-ton, alseitia: nas dmoratars with 15-_ 
ton chain block; weight, 5,670 lb. a tsiyssoes¢ bane pause saya ss 
PPOlgnt, Bt, Gb LEO DO TOWT via ose ren chen ad tresveant te cede 
2 beams for crane, 25 feet long, 20 inches deep; 100 - © 
lb. per foot, including freight deaueess sebacwiadaunstsreaaese AS 
IREUATIMOIGTANG Welseasiocede bhiced iss reap ana wie eee dake ay tates 
Foundations ab 220 per Bupa yard’, sa. tase hv cums | 
Installation of 2 crushers and motors at 2-8/4 cents 
SL cige Ere epee CMEC TY Uap Lie! hak Cr PRP eRHAeNe RM TIL In SOD ak 
Installation of 2 conveyors at 2-8/4 cents per lb....... 
OU COUBRIe BIOs sch bens iues coated ebeuels eae tona as 
Total Gas outeiie mining: Plant s.4 lec Way ce tyeede dnc tea geeuene 


Expenditures required by location of mine: 

Aerial tramway, 2 miles long, all~steel, complete, 
constructed with terminals (exclusive of bins), 2,000 
tons per 8 hours...... Des advil Wades aan Moe uee eae ebasmaica aie 

Road, 12-foot roadbed, ma. ximum 7 percent grade, 6- 
1/2 miles long: © 

4 miles (800 cu. yd. excavation per 100 ft.) 63,360 
Cu. yds what direc AP 9a bH4 4 don 4 HMR Rad SANDRA ARK TA ete dne ER eeSE EEE 








200,000 


paver ONE sipeea di deddaneseieVeis eye reaghal abe Dibamsaalnalenae eeaee 
Total, 73,920 cu. yd. at $0.50 per cu. yd....... veer 
20 culverts, 18 feet long, 18-inch diameter, at $2.25 
POL LOM cr tana dixtnasanwnasec pry née hi band pabk Geo ne onan - 


« 


8956 - 30 - 





Tee tase 
TABLE 6. - Cavital cost of plant and equipment for mining 2,000 tons - 
daily from 20-foot bed of shale as of January 1931 (Cont’d.) 








Expenditures required by location of mine: (Cont’d.) 
Water system: 

Pump, 35: gal. per min. against 3,000-foot head with 
30-hp. motor, Tex-rope drive; weight, pump, 6,800 
lb.; motor,:1,400'lb.; drive, 200 lb.: 

FALIVED geen vives Bees coees Vosewebecdetanveserenveceesucese Geovaecvase 
Pas opiate al ead hiked mind Hei: He seit batyteaehd ide bpasbd bop dba eel 
PVPAS vestrasbseimmaea vaste eal e cere pion evadrerde nag eoaeeenne vale 
FYLCIGHt cscceacescneeesesenseevervecseteeeeearesessenaereeneeases 
Installation at 2-3/4 cents per ID ...ssecsecsessceenenens 
Tank, 15,000 gal. capacity, installed cocccccsecesssecceererers 
Pipe line, 83-inch, 15,000 feet (estimated), at $34.233 
per 100 ft., delivered at Grand JUNCTION. ...cecesecerereeees 
40 expansion Couples at B2.65 ccececscececeeecevereees fake 4 Ra 
Installing pipe line (on SUTEACE) .ecceceereeeeeceeeseneneneenens 
Total cost of Water SYSTCIN .cicsivescerecevenecs irae ict 
Trucking initial equipment from railroad to mine at . 
Hou Pen TON ii sees ese) op erh bite Pb bby arent mare anes 10,000 
Pe ee eas cy ut ac ceuLaehesaeahuseiey sa 0 chabieReE vas heRE eS 257,642 


Grand total eee Mat iS as weer eeeneereseoreer eer eee eseueeosteoreseoergeee ® 629 346 


ee 



















TABLE 7. - Prices of supplies included in cost per foot of develo ment 
and cost per ton of ore (as of 1931 


anual 
ss Linc pes terecihnet emaenpstcreatintgmaptteeit aR: 





















Pipe, at Grand Junction: 





8-inch main air line, per 100 feet (4,500 fect)....erreseecrenrerenernnss $119.00 

6-inch panel entry air lines, per 100 feet ..ceseeeereeess ee aides 91.892 

38-inch stope air lines, per LOO Leet... ccececccerevesceccccaesecersesevees S230 

2-inch main water line, per 100:feet (5,000 feet) ...s.eresesereneeesens L6Y557 

1-1/2-inch panel-entry water lines, per 100 feet cissesecereeeneresees 12.306 

1/2-inch stope water lines, per 100 fect rerecreeceseensereeerenes Sead 4.288 
Rails, at Grand Junction: | 

40 pounds per yard, for main entry, DEL TON sersesereeveveseeeeveveseres 55.68 

16 pounds per yard, for supply tracks in panel entries, per ton... HOGS 
Ties, at Grand Junction, 6 by 8 inches by 5 feet long, native timber, 

per 1,000 board feet....eeseees nary Wel ale eey ie ease napa abate IS eh es, Marsa inate 28,00 
Timber, at Grand Junction, fir, per 1,000 board feet... han teeeeeyy 32.00 
Trolley wire, single 0, 0.38188 pounds per foot, per 100 feet visas. 14.40 
Hangars for trolley wire, at Denver, CACH crveseeesseerensecerenteetteesen es Dead 
Ventilation pipe, at Denver, 16-inch, galvanized, 26-gage, per 100 

Oe an Geter Aire Peete sree Ree PINE SR REE ErOL ET CECT OnE AE Lt BOLE: 37.00 
8956 - ol - 
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TABLE 7. - Prices of supplies included in cost pe. foot of development 
and cost per ton of ore (as of January 1931)L7 (Cont'd. 








CHDIS TOT RCPANer Sy 376 - TICN TESEOUE mache anneal ieee te 
Drill steel; ) 

«inch, quarter octagon, DSr DOU news eds dus ncrmerersrdereeneunetaas ott 12 

Cost, at Grand Junction, including Praiknt F at.$1.515 per.100 Ib., 

POR Ls vexedvedds cll sacenacbaededsace sdk eu ban 4h bgeesee ae neni toda eu 
Powder, at Grand Junction, 40 percent strength gelatin, 1-1/8- by 
S~inch, per 100 lb. sh aeagnebashaed Fas suentsehbans ceaeavegaeei Ned ceabvergeedannntes 14.49 

Caps, at Denver: a 

No. 6, 25 percent discount Bivasseste ates price per 1, 000 évaraepodatn 15.80 

No. 7, 25 percent discount allowed, list price per 1,000 ce» anuilhedety aes 

No. 3, ao percent discount allowed, list price per 1,000 .......... 20.200 
Fuse, at Denver: . 

Common, 25 percent plus 2-1/2 percent discount allowed, list | 

price per 1,000 feet ........... isvenauhehweut ‘arya nltien Hite ag us natin 5 ikl hD © 
Waterproof, 25 percent plus 2-1/2 percent discount allowed, 
_ list price per 1,000 foet.. uagenake 5 sh S v8 Ad  napleccdtactun dip aibeen inate mt ical 1,00 
- Power, per month .1..... EP ALE GAR ON LO MIN! pr ee spina’ tesa 4.05 

Carbide, at Grand Juncti on, per 100 es EPR SIRO nf ioe 8.00 
Track spikes: vay . 

I og Sil /GisihnSe OO ON Tene te ene 4.765 (« 

LPT Orica OL 1G Aa asanaraesresss one mereeananibaruesnareearers stone 4.135 - 
Fish plates, at Grand Junction: . 

WOE Zedge Mit Gane l, nu ade a+ ans hou waaubtageuerinaiaad thasmesacea ee on eanpa 442935 

For 16-lb. rails, per 100 1 OPPEPPPSESP ETE rarer reteceoreerstteT ane 4,985 

. Bolts, at Grand Junction: 

For 40--lb. rails, 3 by 25/32 inches, per 100 VERA bapebaps arrears Poe 5.185 

For 16-lb. rails; 1-3/4 by 1/2 inches, per 100 Tete re ogi 6.435 
paiisgeat Denver, per 100. 1D. access coneaeess edenabeOeptteaunes eananeht andae baal oso 
Shovels, at Denver, round point, per. dazen KGB aides ade easanne ene 21.60 
Miele; at Denver, 4-1/2=1b.g- De GQOZEH.+-araeubls sneueasae aecinns eelemowane de 10.50 
Hammers, at Denver: : reap 

LaDy GR as sinaded oss cuncieaedanviae cs kdavauseCaankcsnhe re 06 eens 1532 

COs Solin, COGN sos: cs aa ssiucescaeeh oben toa sets ¢ sh duiea baal 285 
Timber saws,.a8 Denvens.cn20Gl, COCI auehancrtearamons sents dumasiasats 206 





Timbermen’s axes, at Denver , L Adm De, GK ne mee ttt, 


1/ The mine pay roll and plant include Bitar and trucks for freighting supplies 
to the mine. However, a charge of $20 a ton is added to the above figures 
for freighting the material for the mine plant and for the original develop- 
ment work from the railroad to the mine. At the start of operations itis _ 
assumed that a freight rate not to exceed the tariff to Grand Junction which 
is to the westward, bonus be established to Rulison from eastern points. 


ey) 
po 
I 


8956. ) - 


@. aos oe ee @ 


~ 


TABLE 8. - Summary of costs per ton for mining 2,000 tons daily from 20-foot bed of shale 


, rilis and] i Other 
stbec. Power fixplosives {supplies | Total 


















Development: 
Paset entries. > &. cam.” ($0,084, $Ox001 60.012 | 50.008 1$0.042 
Verte lation dritts. a. 005 | - 000 8008 4 003 016 
Room necks..... ot O01 00: : 009°  —* i eGF oe 
Total development..... 002 |. =O | sO RO ae sobs | -090 
SUGBIM . 2 ca wes 2 ots Ge 2.5 DY 108 
Transportetion: 
Gree. ess + Bede SS a Se 
bey See eae > eee : 
FOS 5 05's RP Tes epee «Ten 
Total transportation... 
Gerere! undercreunc’. =. «. 


purftace expense appli- 
cable to underground.. 
fetal underground. Ts «. 
COmge Crusiings o 1a... 
Meas > ress oe ae 
- Miscellancous surface... 
S@ta. SUPPL SCE. ka Tats Ce 
Workmen's compensation.. 
Total underground and 
SUBIGCe..4 «ss Sw she oh Oh 


Deferred development: 


PiOMORCHOUrY. .« = Geet s : 
Ventilation raise...... 
Ventilation drifts. =. 
Tee ess oe ae eS) ce be ee: 
Interest and amortization 
isgeed Totel.«..&: ee nee 
1/ .stopé bosses charged as labor, not. supervision. 


\Pumping, lighting, and miscellaneous power. 
3/ ‘Included under labor. 
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‘Mining 4, ,000 ‘Ton: s Daily from 20-Foot Bed. 


Four thousand tons aby could be mined from the 20-foot bed by working 
more places. About 2 cents a ton could be saved in interest and amortization, 
about 1/2 cent in supervision, - a: cent’ in trammineg, and 1 cent in mining and 
transporiation, a total saving of 4+ cents a ton, which would make the tote. 
mining cost aout $0.06 per a | 


Mining 5,000 sons Daily from 44-Foot Bed 


The seneral L stern Abenwbed above for mining the 20-foot thickness 
could be used in mining the 44-foot shale bed. The pillars between rooms 
probably would need to be wider because of their greater height; therefore, 
it is proposed to lay out 30-foot rooms and 80-foot pillars. Hf experience 
shows that this width is greater than required, it.could be reduced, wita 
corresponding reduction in 1 Gevelo pment costs. 


To auld exceeding a ened of 1,200 feet for the panel conveyor, only 
20 rooms would be opened on each side of a panel. The panel entry then would 
be 1,270 feet long from main entry to ventilation drift. As before, 260 feet 
of ventilation drift would be required for each panel. Ie 
As in the previous lay-out, a block would consist of 20 panels, 10 on each « 
side of the main entry. This block would be developed as usual - that is, 
4,100 feet of main entry, 1,080 feet of ventilation Orift, and 400 feet of ventilation 
raise. 


Because approximately 1,500 tons of shale would have to be left in place 
- around the neck of each room to protect the yanel entry, 11,800 tons would be 
mined from a room rather then 12,500 tons, which would be the content of a 
full block of shale 30 by 44 by 150 feet in size. A panel of 40 rooms would © 
produce 452,000 tons. The panel entry, 8 by 10 feet in cross section and 
1,210 feet in length, would add 6,250 tons to the production from a panel; and 
the 360 feet of ventilation drift, 8 by 8 feet in section, would add 1,500 tons, 
making the total production from a panel:460,000 tons. At the assumed pro- 
duction rate of 5,000 tons per day, this-would constitute 92 days’ supply. 
Production from a block of 20 panels would be 9,200, eg tons, or enough for. 
5.3 years. . 


Development _ 


Because of the greater height of shale mined, development inode wonle 
be only about half those ‘in the 20-foot bed, in Spite of the greater width of 


pillars. at oR « 
8956 BAe 






Position of drill columns 








vs 





SIDE ELEVATION FRONT ELEVATION 
10 0 10 20 30 40 


Scale, feet 


Figure 9.—Method of drilling in room for mining 44~foot bed of shale. 
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The cost of reneral development for one block, charged against 9,200,000 
tons, would be as follows: 


a SEL AO A RC A IA 


tage | Ost. D ber 10 £004 | Total cost 


et ee en een ee re 


Cost ver ton 

$0,0078 

.0018 

___ ,0008 
0104 





The cost of developing a vanel, charced against 460,000 tons, would be 
as follows: 






i 3 Total cost \Cost. per ton 
Panel entry B10, 182. 30. | $0.0284 
Ventilation dritt 5 | 
Room necks (40) [8 


Total 







The cost per ton of shale cf combined general or block development and 
panel development would then be $0.0564. Each foot of development work would 
y develop approximately 1175 tons of shale. ; . 


Stoping 


A round would be used that would require no hand shoveling as preparation 
for drilling. 


Figure 9 shows a method of advance that would yield 1,025 tons with 940 
feet of drilling. This footage could be drilled in 10 machine ‘shifts. Two bench 
rounds would be.required for. each 12-foot heading round. The holes are pointed 
outward to allow the face to be cleaned by a scrapver. Two rows of holes could 
be used on each bench to break 12 feet instead of 6 feet with a single row. The 
best form of round would be deterinined by experiment. 


ae A wii cost of stoping would be: 


2 O0rill shiits in heading at $5 ssseseens piaabebeseg aU 
Glia eS Of DENCH Bb BS pecsssecvreneseoas ‘ag OU 
Pp oeiirs bioeiholing at. 35 sacs. nvseusisicensse » AO. 
1 stope boss at Sy celviplbeepdbrgeteeyinn Mbrtlocweette A amey 
DAI se eebbcaottceiare sar sak ramerss Geet hcktasaxka, | oO 


The labor cost porate be $0. 094 a ton; adding 20 percent for contingencies, 
» “the cost would be $0.11 
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Owing to the higher bench, less explosives per ton would be required than 
in the 20-foot bed; allowing 1/2 pound a ton, the cost of explosives would be 
8 cents. As less footage would be drilled per ton of ore broken, the power 
requirement also would be less. Two 5,000-cubic feet-per-minute compressors 
with 1,000-horsepower motors are Baueiceds and the entire cost of air com- 
pression is charged to stoping. The cost per ton of shale would be 


2.000 x 4. 04 (cost per hp. per month) _ 9,954 
~~ 5 000 x 30 — 








The cost of supplies other than explosives is estimated as 4 cents a ton. 
The total cost of stoping would be 29 cents a ton. 


Transportation 


Sera ping and co nveying. - More than double the tonnage would be handled 
per shift in ea. ch panel than in TARE the 20-foot bed. 


The cost of scraping would be rioeatiaYE less than in the 20-foot bed: 
because of the greater amounts of shale broken in each round in the stopes. 
It is estimated that a scraper crew could load out slightly more than 200 tons 
a shift. The charge for labor on the conveyors per shift would be the same in 
both cases, which would reduce the labor cost per ton by half, or to 1/4 cent @ 
in the 44-foot bed. 


Locomotive haulage. - The charge for haulage in cars probably would be 
the same as for the 20-foot bed, which has been calculated as 5 cents a ton. 
The use of a conveyor instead of cars in the main entry would have the advantage 
that the shale, as it came from the mine, could be discharged directly into the 
hopper of the primary crusher in a steady stream. In mining by the advancing 
system, the length. of the haul in the main entry would be relatively short for 
the first few years. Under these conditions, the charge for conveying should 
be less than half that of transporting the shale in cars. The main disadvantage — 
would be that if the conveyor broke down, the whole mine would be tied up. As 
the main-line conveyor would be in place for many years, it should be substan- 
tial enough to reduce the possibilities of delays. Under this system, supplies 
would be brought into the mine through the ventilation drifts. 


Crushing 


The same crushing plant would bé used as for crushing 2,000 tons a day 
but would have to be run 20 hours a day, which would’ ‘require three shifts of 
ss a ahcalisrn 


The labor cost would be 6x $5 or $0.006aton. | °@ 
5,000 


8056 ~ Sa 8 
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Supplies and repairs ane estimated at 1.9 cents a ton, . . 


Power Wain be thie’ same as before, $0.006 a ton. Total cost would be __ 
3.1 certs a ton.” ¢ a | Ay Sab 


Aerial Tramway 


‘The aerial tramway having a capacity of 2,000 tons in 8 hours: will be _ 
run 20 hours a day, giving 4 hours leeway. Carstarphen has estimated: the 
cost of transporting the shale on the tramwa ay B52 CONES O. EOM se acnvue B 


General_and’ Surface Labor 


The cost per ton of general iigeeptenl Le seas) and of surface labor | 
chargeable to mining is approximately the same as for the 20-foot bed - 1.9 


and 2.5 cents, respectively. Miscellaneous sur face labor has been estimated 
at $0.012 a ton. 


Supervision 


The supervisory force for mining 5,000 tons daily from the 44-foot bed 
would be increased over that estimated for mining the 20-foot bed by the addi- 
tion of a superintendent at $500 a month and by using the full time of a clerk 
instead of half time. Cost of supervision would still be considerably less than 
before end would amount to 2.38 cents a ton. 


Total Labor and Scale of Wages 


Table 9 is an estimate of the total daily pay roll for mining 5,000 tons a 
day frorm shale 44 feet thick. The table also shows’ the cost per no shifts 
per ton, and scale of wages. | 


TABLE &. - Labor f for | eniintelie-5:000 tons a day from 
Shale 44 feet thick, includine development 












Wage scale 
per shitt” 
(January) 
eet 










Cost 
‘per ton 


Amount 
per day 


Class 
of labor 





Underground: 

- Development:: 
Minersrhelper se’ ceivesccsccecs 
Loader operator S ceereeeeneeee . 
-Loader operator’s helpers 

ie wh ha puiin setae pa uns 
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TABLE 9, - Labor for mining 5,000 tons a day from 
Shale 44 feet thick, including development (Cont’d.) 


eR wn wae. Ai ih 5 <i e Y 
le of Wage scale 
Cost 


men per ; per shitt Amount 

(January) | per day 
1931 | 

“Sarva Gari 







Class 
of labor 








per ton 


Underground: (Cont’d.) 




















stoping: 

MANCYS ven esn ce AD. Ae ) 5.00 

BtOpe DOSSES «ward in ate bid Bi a histo pen © i 0.00 
TL OCRL aentewsuns seman idaqgriun Pern soca | bo aN 

Transportation: 

Scraping: | : 
Scraper hoistmen ...... Poh Fle Opn, 5.00 | 
Seraper hoistman’s helpers ma a 4,50 — 
Scraper DOSSES .rcseconceren PARR Salem ho 

TOR saavenesunaes Sonido ek alec. OTE 

Conveying: P 
CONVEYOR OPeratore wceessieons Dain ne Soa 5.00 

Haulage; ft i ee VR , 
. Motormen...:. Gxait cnaiewe mya de pili Ty 8.00. 
Motorman’s helpers. Sosuae vrs Wr? (Mere RMN: Py 8, 

Total auavayoustale ats LeHeeeeerereoees thoi: vemetipy 
Total transportation ...... xemae Web poaed were: 
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SLM CRLUOITs treneaneass revi es a 4,50 
PICO UIG sspssadeenebensey aii eicnve 2 5.00 
Pipeman’s helpers ..... Ree bey Suen 4,50 
Phe eck nye Teer eee re eae ae eR ands 
surface labor charged to | 1 pe 
underground: — een ngevenn 
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OTE EE 5 sisi cei na eee , Ge eae, 
Total underground mining « Lega | 
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TABLE 9. - beet for mining 5,000 tons a day from. shale 
44 feet thick, including Cevelopment (Cont’d.) d.) 
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Supervision: | | | piasnasel 
Manarer ....... arnsired beemsnncam eA fB Tove APBOreesherees PROG SI 
Superintendent s:...:sssssrecsieceess HM i 5 aa Bley Cn aka 9 He} | 
Nine TOPeMA egies seeeesetetassl ei | 8.00 | 8.00 | 
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Wameneuse naariels, 20. OOM. DA > Oe 8.00 | 8.00 
2 SIRT OES i BEST: 414,67] 1028 
Total labor and supervision... f | peeut 306 
Cost of workman’s compensation | 
RMT er B100 eisehecesdavscoaces — Seva ae 
Total labor and supervision cost, | er 
including workman’s compen- of | 
al a ent | | 1,593.94 | .319 
Shite per tun Tht £8ot%o: Aen vs 0.06. 
Pons per’shitt: ti ? 
Underground labor ...... ou We LO. 
POMACe TA ry. Meee Beer es 208.3 
WOTELIRDOT) sant freeee re umrneeet pO ate 
DUMP LEO Ghetharuvaneamecuhsds 370.4 
Total ee Mngosaperis opormeetenlaloy 20 satods att 
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Workmen’s Compensation 

Asa larger tonnage per man employed would be obtained than in the 20- 
foot bed, the cost of workmen’s compensation insurance would be less. Ik is 
estimated at 1.8 cents a ton under existing Colorado rates (1981). 
Total Plant, Interest, and Amortization — 

The plant described for mining the 20-foot shale bed with additions would 


Serve equally well for mining the 44-foot bed. Following is a list of the most 
important additional equipment needed and the total cost of the plant. 


Scraping: 
6 additional scraper hoists .....i.ccssced scien vease dM e4 
6 additional scrapers....... Perr ss wenn eer si vecaddaeione 
Haulage: . 
3 additional 8-ton locomotives, and i additional pe 
4-ton locomotive, delivered ......cececccces (uated 20; 000 
40 5-ton cars, delivered Bee diay eS eee sidseeeeedancee us 


Compressor plant: 
1 additional 5,000-cubic foot compressor, 


AE SUAIEG | 56s cis ees eads ads thadsede Webvsce keene eseee 46,000 

Ore bins: a | 
2 additional 5,000-ton bins, araptad s deedhuseeiean eae 

: : 209,294 

Plus 20 percent for miscellaneous itemS........sereeees 41,859 
Total increase in capital COSt........cceee. si daaaneetia tale 
Cost of simeiler plant iGO csacihecs vhedeaecte Sih veunannase oe 
Estimated cost of larger plant | svar tik Riate Diiweiphanis 8si, 153 


This ast would be amortized over a period of 15 years with interest at 
6 percent. During that time 27,000,000 tons of shale would be mined. Interest 
and amortization would average $0. O73 a ton. 


Summary of Costs 
Table 10 is a summary of costs. 


Mining 106-Foot Shale Bed 





Open stopes are not considered practical for mining the 106-foot shale 
bed, because shale pillars of this height probably are not strong enough to 
stand without sloughing. Moreover, the back would have to stand much longer 
than in rooms in the 20- or 44-foot beds, and the hazard of slabs falling on 
the workmen would be correspondingly greater. 


The choice of mining methods, therefore, lies between shrinkage stoping, - 
sublevel stoping, and a caving method. The costs per ton in shrinkage stoping, 
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TABLE 10. - Summary of cost per ton of mining z — tons ee from 44-foot bed 
(Twelve 45-hp. electric hoists at $ 
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“Deferred developments .. ‘ 
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~topes bosses are charged as labor, not supervision. 

Includes power for lighting, pumping, and shops. 

Included under labor. 

Includes main entry, ventilation raise, and part of the ventilation drifts. 
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as obtained elsewhere, are too high to make this method practical with this 
grade of material. The main objection to sublevel stoping is that the walls | 
might not hold, therefore, a method of caving generally following standard 
practice but adapted to the conditions expected at Rulison is proposed. 


From inspection of the shale at Rulison, both at the surface and under- 
ground in the stopes that were opened during the experimental operations of 
1925-27 and 1928-29 and from a study of the action of difficult-breaking rock 
in mines using the caving method of mining, it is concluded that the oil Bhale 
could be mined by a caving method. As this particular rock has never been 
mined by caving, an experimental stope should be undercut and enough of the 
shale drawn to determine what the caving action would be before large-scale 
operations are begun.: It would probanly be necessary to modify any system 
devised. 


As the shale is a strong, tough rock and is free from faulting or fracturing, 
- development workings probably would not need to be timbered except when 
weight from the undercutting level is transmitted downward through an 

unbroken pillar or under the fulcrum of a cantilever of under-cut shale. Such 
transmission of weight usually can be avoided by properly undercutting and 
drawing. 


As no pillars would be left between panels, a high percentage of the shale 
in the blocked-out area would be extracted by the caving method. 


The deposit is not thick enough to get the lowest costs by a caving method. 
Except for the cut-off stopes around caving blocks, the cost of development 
and stope preparation would be the same for a 106-foot bed as it would for © 
one 200 or 300 feet thick. The main disadvantage, of a caving method, however, ~ 
would be dilution of an already low-grade shale with material of very much 
lower grade, the average oil content of the 25 feet of overlying shale being 
estimated at about 10 gallons to the ton. The first 4 feet is almost barren. 
Assuming a 10-percent dilution, all coming from the 10-gallon beds, the 
average grade of shale produced by caving would be 23.8 instead of 25.4 gallons 
@ ton. , 
As large fragments are to be expected in mining, provision must be made 
for handling them. The methods proposed for mining the 20- and 44-foot beds 
are such that the shale is not shoveled or passed through gates or chutes. In 
a standard branch-raise caving method the rock must be pulled first through 
the draw points, then passed through a grizzly into a gathering raise, and 
finally drawn from the chute into a car. A modification of the standard branch- 
raise practice, however, is to draw the shale into scraper drifts, which also 
are used as bulldozing chambers. Both methods are discussed in this paper. $ 
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Figure 10.—Lay-out of blocks for mining 106-foot bed of shale. 
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To prevent the shale from collecting at control points, all openings must 


_be as large as practicable. Although draw points and branch raises are usually 


4 by 4 feet in section, these openings should be at least 6 feet in diameter for 
mining oil shale. The nature of the shale is such that these larger openings 
could be expected to stay open without timberine. 


Undercut Block-caving Method, Using Branch Raises 


Blocks for mining the oil shale by the branch-raise method would be laid 
out as shown in figure 10. Panels of the size shown would contain 1,862,000 
tons. Rach panel is 180 feet wide and 1,071 feet long and is normal to the 
main haulage drift, from which two branch drifts pass lengthwise under each 
panel (fig. 11). Loadinz chutes are installed at 30-foot intervals along the 
haulage drifts and are connected by branched transfer raises to the grizzly 
level 62 feet above. On the latter level, grizzly drifts are run across the panel 
at 30-foot intervels and are connected at the ends by supply drifts. Grizzlies 
are installed at 15-foot intervals along the grizzly drifts, one over the top of 
each branch of the transfer raises. 


A control or draw set is built over each grizzly, and from each set two 
draw raises or ‘“fingers’”’ are driven to the undercutting level 12 feet above 
the top of the grizzly level. Above this point the raises are belled out in such 
away as to connect the lines of raises parallel to the grizzly drifts. Under- 
cutting is get completed by drilling and blasting the remaining pillars. 


Following are proposed sizes of workings, grizzlies, and chute openings: 
7 & 


Finger raises, 6 feet in diameter. 

Grizzly sets, 6 feet aor by 5 feet wide. 

Grizzly drifts, 4 by 5 feet. 

Main haulage drifts, 8 by 18 feet. 

Branch haulage drifts, 8 by 10 feet. 

Branch raises, 5 feet in diameter. 

supply drifts, 4 by 6 feet. 

Grizzly openings, 16 inches between bars, 86 inches between cross pieces. 
Chute gates, 60 inches in width. 


As shown in the longitudinal section (fiz. 11), about 12 feet of the bottom 
of the block will be drilled and blasted. Enough of this broken material would 
be drawn to allow for expansion of the shale as it starts to cave in the back. 
This blasted shale also would act as a cushion for the falling shale and allow 
some travel downward, under pressure, before the freshly caved shale reached 
the draw points. It is expected that the uneven downward travel of the caved 
shale would tend to shatter flat slabs. Possibly a thickness greater than 12 
feet would have to be mined in the undercutting operation to allow better 


‘breaking up of the caving shale before it reached the draw points. 
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The work would be organized so that one operation would not interfere 
with another. Undercutting weuld precece drawing far enough so that the 
undercut area would take weight before the lust piliar between the connected 
rows of raises was blasted. 


It is purposed to mine the shale by advancing from one end to the other 
of a continuous panel rather than in blocks, so that the flat beds may form 
cantilevers and be put under a strain before caving, and thus tend to prevent 
the shale from breaking into large slabs. 


The panel would be cut off at the ends and sides by narrow shrinkage stopes 
from the undercut level to the top of the shale. After the first panel was mined, 
only the end and one side cut-off would be necessary, and probably it would not 
be necess2ry to run these Stopes to the top of the shale. The cesirable height 
could be determined only by experience. If any large se action of a panel should 
fail to cave, it could be cut off Hes cunning shrinkage stopes across the panel 
wherever needed. The 180-foot width of ranel, which is more than customary 
in the mining of porphyry copper ores, was taken to insure caving of the shale 
without extending the under cutting an excessive distance along the panel. 


Development work in panels. - To prevent interference with haulage of 
the shale, supplies would be brought into the mine through a service adit at é 
the grizzly level. All development work on the grizzly level and above would be 

done through this drift, which also would be used for the return air circuit in 

the ventilation system. 


The main haulage drifts would be in a bed that carries more oil than the 
average stope. The material brolzen on the haulage level could be sent to the 
retorts. The first 40 feet of the branch raises would be in shale carrying 15 
to 20 gallons a ton, which also probably could be retorted. The upper 20 feet 
of the branch raises, the grizzly drifts, and most of the draw raises would be 
in nearly barren shale. It is probable, however, that it would be more economical 
to send all the shale from development work to the retorts rather than to keep 
it separate and put it over the dump. 


Haulage drifts. - The main naulage drifts would be 8 by 18 feet to allow 
for a double track. The drifts under the panels would be 8 by 10 feet in section. 





The estimated cost per foot of the haulage drifts is $8.49, the same as 
proposed for the panel entries in mining the 20-foot bed. 


Supply and grizzly drifts. - The supply and grizzly drifts would be run 4 
by 6 feet in section. The broken rock either would fall or be shoveled into the 
branch raises. The estimated cost is as follows: 
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Cost of driving grizzly drifts (4 by 6 feet in clear) 


One 8-foot round per shift; average break, 2.5 feet 
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Branch raises. - The branch or “‘finger’’ raises are to be run 6 feet in 
diameter. The cost per foot is estimated as follows: 


Cost_of branch raises (6 feet in diameter) 


One round per shift; average advance, 4 feet 
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Cost per foot 
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Cut -off stopes. - The shrinkage cut-off stopes would be run at such a 
width as to give the lowest cost per foot of area cut off. This is assumed to 
be 4 feet. The cost per ton of breaking the shale in the shrinkage stopes is 
estimated as follows: 


8956 re ee 


I.C. 7218 


aia ate iad oe Caen Gade ht, oe a le $0.31 
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The cut-off area of shrinkage stope necessary for an initial panel would 
be (2,180 + 360) x 106, or 263,940 square feet. The tons broken would be © | 
263,940 x 4, or 70, 400, Upon the basis of $0.70 a ton, the cost per square foot 

19 
would be $0.19. A cost of about $0.10 a square foot is being obtained in cut- 
off stopes in porphyry at an Arizona mine. In succeeding panels, only one 
side-shrinkage cut-off stope would be required, reducing this operation to 
40,000 tons a panel. 


Charged against the 1,862,000 tons in a panel, the cost of shrinkage 
stoping would be $0.086 a ton for an initial stope but only $0.021 for a normal 
stope with only one side cut-off stope. 


Piteensloss, -~ As shown by figure 11, the finger raises extend 12 feet 
above the top of the grizzly drifts to the elevation at which the shale is under- 


cut. The pillars left by using finger raises of this height should be large enough 


to protect the grizzly drifts. Experience might show that shorter pillars will 
prove satisfactory. Ata property where limestone is mined by caving, pillars 
6 feet high afford enough protection to the grizzly levels so that they stand 
well without timber. The finger raises would be belled out to permit the 
boulders to come near enough to the grizzly level to be blockholed without 

the necessity of men going into the raises to do the work. Shortening the 
raises would have the same effect. 


In general, as the shale increases in strength it is likely to break into 
larger fragments. Fortunately, however, as the strength of the shale increases, 
the height of the pillars necessary to protect the grizzly level may be reduced. 
A balance must be attained between affording protection to the grizzly level 
and permitting the boulders to come near enough to the level to be blockholed 
safely. 


The cost per foot of driving the finger raises is estimated as being the 
same as for the branch raises ($3.89), 


Undercutting. - As stated, a thickness of 12 feet at the bottom of the 


Me: 


Shale would be drilled and blasted. The amount thus mined in each panel would be ra 
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Figure 11.—Underground block-caving method for mining 106-foot bed of shale. 
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178 x 1,063 x ee or 150, O00 tons. Allowing the same cost of breaking as in the 
LD sae 

shrinkage stopes ($0. 10 a ton), the ‘cost. per ton of ore in the panel would be 

$0.0771. 


Total panel development..- The total development.and preparatory work 
necessary to mine a 180- by 1,071-foot panel and.the cost per ton of shale to 
be mined are shown in table 11. The cost per ton is estimated at $0.2961. 


TABLE 11. - Development work necessary for panel 180 by 
1,071 feet for mining 106-foot bed of oil shale 
by caving method 1,862,000 tons. in panel 

(LS tin 1d: & 1 x 106) 
tog 











| Cost per ton 







Main drift (across panel) 8x 13 x 180 ft. at $17.62 ges | a 
aah dee rand whodunit 1dr Qa reAinasinas Carmi dreeasopbewaminnue Dy wi ipideyh ae $0.0028 


Pewee drits, 2, 9:-x lO xt,izl ft: 2,242 it. at 

EET Wien boat basen ednleed bende seNd dha) deals eeriwvenerungsadere 19,084.00 .0140 
ee Orit, te te Oe et Th. at BOBS: snesemaae otaig 7,189.00 0052 
Grizzly drifts, 36, 4 x 6 x 160 ft.; 5,760 ft. at 

RE iestinclon ania alsiee nesimshonkers aiayeiaie ies Sia Sunset elias «aman tieinghe 31,850800.} 0234 
Branch raises, 72,210 ft. of raise, each 6 ft. in. 

Breer 15,120 ite BL Go1OO ime ssmmmiens bid earaiels ialniatacs Dosa. Lala £04382 
Finger raises, 864, 12 ft. long; 10,562 ft. at 

DLink ca pasand seven pase Damel onde NA RAIeEghraanbiaennenens 40,332.00 |. 0296 
Shrinkage stope, 40,000 tons at $0.70 .........00 sade 28, 000.00 .0205 
Undercutting stoping, 150,000 tons at $0.70 ......... | 105,000.00 0771 
Grizzly and draw~set installations, 432 at $200: vss 86,400.00 0634 
Rie, Sete pnd, chutes, 72 at S00 wercwredassenernsncies 41,6 





Service raises, 2,4 x6 x 62 ft.; 124 ft. at $8 





General development. - The general development necessary before the 
production of shale is begun is shown in table 12. This work is charged against 
72,000,000 tons of shale, or a 20 years’ supply at 10,000 tons a day. The cost 
is $0.0008 a ton. The total cost for panel and general development would be 
$0.2951 a ton. 
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TABLE 12. - General development nécessary for mining 


block of 72,000,000 tons (20 years’ supply) 












Main entry, 490 feet at $17.61 ccsccscsecseccece $ 8,628.90 
supply drift; 1,121 feet al $8140.00 ie aed 9,517.29 
supply drift, 1,411 feet at $15.00 visscsecssnecs 21,165.00 
Ventilation drift, 1,800 feet at $8.49.......... 15,282.00 

EROGaL 1d Ce, AR, OAL, 2 ae 04,593.19 


Cost per ton of shale, general cevelopment. 
Cost per ton of shale, panel development.... 


Total cost development Der TOs cs checadle 


Drawing. - To allow for drawing down the shale in the area being worked 
an average of 1-1/2 feet a day, 22-1/2 tons would need to be pulled from each 
draw point. For a production of 10,000 tons a day, 444 draw points would have 
to be in service. The best drawing practice probably would be to have 6 lines 
of grizzlies with 24 draw points active in each panel.'Three-or four=panels 
would be under production ata time. If 1 foot 4 day vertically should be 
mined in the productive area (equivalent to 15 tons a day per draw point), 4 
or 5 panels would have to be active; allowing for finishing one stope and start- 
ing another during much of the time, 0 panels would have to be in operation 
to produce 10,000 tons daily. | 





After being undercut and caved, the shale would be drawn through the 
draw points and passed through the grizzlies. Slabs too large to go through 
the grizzlies would be block-holed ard blasted at the bottom of the draw points. 
The chute tappers would wear Safety belts, as is the practice at the Morenci 
(Ariz.) mine of the Phelps-Dodge Corporation, to prevent falling through the 
erizzlies. 


At Morenci, an average of 120 tons a shift per chute tapper is drawn,in 
hard ore.l6 “ 


At the Inspiration Copper mine at Inspiration, Ariz., with the same kind ; 
of control but in better-breaking ore 250 tons is drawn per chute tapper. On 
account of the possibly large amount of chute blasting, an average of 100 tons 
a day has been assumed for mining the oil shale. At 54.00 a day for chute 
tappers, the labor cost of drawing the ore would be $0.045 a ton. 


Dilution. - Judging from the results obtained at copper mines where an 
undercut caving method is used," and from the physical characteristics of 


16/ Gardner, E. D., Undercut Block-Caving Method of Mining in Western 
Copper Mines: Bureau of Mines Inf. Cir. 6350, 1930, 44 pp. (p. 28). 
17/ Gardner, E. D., Work cited in footnote 16. 
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the oil shale, a dilution of about 10 percent should be expected in drawing the 
anticipated tonnage from a panel 


Owing to the absence of vertical soft streaks and ticks KV bean ial in the 
shale, most of the dilution probably would come from the first 25 feet above 
the beds being mined. This being the case, the expected average grade of the 

* shale would be 23.8 gallons a ton. ng 











Transportation. - The cost of hauli ng the shale is taken at the same figure 
as in mining the 20- and 44-foot beds ($0:050). ‘The lower haulage costs 
attendant upon the larger tonnage hauled probably would offset the higher cost 
of loading the cars through chutes than from a conveyor belt. 


General underground. expense. - The cost per ton of miscellaneous work 
underground is difficult to estimate before operations are begun. An approxi- 
| mate figure of 3 cents a ton is used. 








At it is expected that the ground will stand better than'in copper mines 
using caving methods, less repair work should be necessary in the haulage 
and grizzly drifts. More repair work probably would be necessary at grizzlies 
and in chutes than the average for copper mines. As the mine can be laid out 
a regular pattern and temperatures are low, ventilation should ‘cost less. 


Surface labor charged to underground operations. - The cost of $0.025 
a ton for mining the 44-foot shale bed has been used for surface labor. . The 
proportionate expense of labor for sharpening steel, repairing drills, and 
operating the compressors is included in the estimated cost of stope preparation 
and development. This is allowed as an additional sefety factor. 





ouvervision and engineering. - Close control of drawing is necessary 
with a caving system of mining. This work usually is supervised by the engineer- 
ing department. An engineer is detailed to each section of the mine and checks 
the quantity of ore drawn from each chute, to conform to a predetermined rate. 


The supervising, engineering, and clerical force riecessary to mine 
10,000 tons daily is shown in table 13. 


, Workmen’s compensation. - Owing 'to a larger tonnage per man, a 
relatively smaller force per ton mined would be required than in mining the 
thinner shale beds. The charge per ton for workmen’s compensation is 

* estimated at $0.01. 





Total plant, amortization, and interést. - The equipment necessary to 
| Qpine 10,000 tons a day is listed in table 14. 
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TABLE 13. - 





Manager, $16,000 a year, 1/2 char a to min 









superintendent, $10,000 a year. eres ee eae 833 
Poremian; 3:6; COUN yee. AUR. RV, Eee Oe le Me tee 500 
Stoping shift foreman, $4,800 a year ....cecececeees “¥ 400 
Development foreman, $4,800 a year ..cescsseseccece — 400 
Shitt bosses, 6 at $180..... a0002 nennseenseapseesecameieten 1,080 
Chief engineer ......... Wadi. Sue. Bee eee ere 8 40 ot 500 
DIOP e nese ae EL. whe Jeeps ERG RO Cohan 300 
Assistant engineers, 8 at. “e175 nie de ea ReS pare 8st Hea}c UL, SOO 
Chairman, 2 atS1507Nmi Aa, SG? ea peed eee 300 
LIVAITEIUALR o+xtsnaveasnsesaous prot ReU Rn SERrsCRennareReRNeEs er 200 
an SMSO. 1h), ML SNE PIO « <1 RG, Gaelic 200 
Véntilationvenginee? tnwinient. 27a Al Rilalaaudae 200 
Cae, ClST saceschcmeeqnceesiacecesseenanken og vd Balad thay 300 
tame Clerks, 4 at $150 scccsvscens pcdoneescaraneateameenin be 600 





This constitutes a charge of 2.66 cents a ton. 


TABLE 14. - Capital cost of plant and equipment for 





mining 10,000 tons daily from 106-foot beal/ 


Underground mining equipment: 
Drilling equipment: 





OU drifters, Obs wiet..ieats. apiece. ey fe $ 10,050 
VORNSTERS ecicin.to. Jaca Retariiien.out. at. bebulsnt 2 19,500 
60 jackhammers, 40-Ib........ wd ILI LOR, SA RB. OE ies 11,700 | 
30 drill columns, $<in,, Single=Screw ..ccscsisccecasenns 2,070 
Air hose, 1-in., 6,000 ft Lok atlnaid elo tetedale te dind a Secale bite 2,200 
Gamiiiose pO) Osine F000: oh wiles. tie. ALOT. anded 1,700 
Water hose, 10,000 De MA OMB dabws pt Ren ahd 1,540 

DOTA IGALke Os Phd aa tals, Haw aelealedaerauled ve domuageteetes te adore f 
Underground ‘ore-transportation equipment: 
5 trolewilscom cues; Some. Leal et, Te 39,536 
4 trolley locomotives, LTO, «a0 ascverentevecneateaee dio 13,200 
Freight on locomotives....... ienweneseaubeuaions Peneenesnrenas 4,928 


1 synchronous motor-generator set, ada, 200- 
volt d.c., 900-r.p.m., 3-phase, 60-cycle, 2, 200~ 
volt a.c., complete mn auto transformer; shipping 


WOUTUE,. G4, 700 Tc cotescanconsvcdcaacs shesaeeetneees cetaceans 
PYeigh: On MOtOP-Cenerstor Sat sreseessecasecaonmvaosorns 
1, 2-panel, manually operated switchboard; shipping 
Weight, 1,G00 Ibi serasaccnnsgubsyceseviasantd deeded Aah 


See footnote p. 52. 
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11,560 
O15 


1,125 


p 48,810 


( 


TABLE 14. - Capital cost of plant and equipment for mining 
9 | : AD. 000 tons daily from 106-foot bedl/ (Cont’d.) 


Underground mining equipment: (Cont’d.) if ney 
Underground ore-transportation equinrment: (Cont’d.) 
FYSLENON SWIICHDOR I whiweMs. LENNIE BACT, als J) 
1 ButoOmEtic d.c. feeder.....som etl MOR ee La. EN 
120 5-ton Granby - ‘type COLS vresesseeetreteeeteteeeeeeeeeeeey | 
PROICHTION GeO aks wis oh + hekneleneme aunn tel shacsra awacskorgtoeiueh bak aan 
20 2-ton side-dump: cers’ for development work ey. 08% 
PT SICOTEION BOOM. «cb.» caapmacinastannaadiacds deen LARA. ve 
2 mechanicel loade EE -pamnabielilesinnleenpnannipentoa: RIMM ert 
Ventilation equipment: ss jinapad 
a itans with motors, at $2,000, delivered we... eceeees a8) 
PSS ON 4015... bs ce weansingonvnauakhtinnmnanannimdnuaset +3 Py 500 
4 blowefs, positive pressures rat S676 ni. We 257 
oe Uri OYGIIS: 8h 5 ZOD cs saminmminnowivunsactmeinnrematrmeratenn terete 800 
TOLD Spa 2 nok naw sdevae sew eaniees sat Oonmeuareenteteawunt 


Total este Aceh mining sis saa naman OTe ne 


A 






S179,331 


Mine guclaes equipment: ' 
Compressor plant: 
® o 5,000-cu.-ft.-per-min. COMPLESSOFS seesssesceereee | 117,000 
PYCICR OO) GSM Dr cSBOLS iwieswas s AO TG. HyOL0 
Installation of compressor pain spissisenseni-otoranionnoerenuinthiietd LAVORO? a 
Total. 200,04 ne a8s saga ria ange SE COE AER LOLI 184,610 
Shop equipment: ms , 7 
D Se eters TOP Steel ie iihenecsscidadiodieesvdsseda bh)’ 9,000 
DASA LS TRO i on cunensdaddadasevexevsnewed tenor oey Tao 
Aecessories for 9 sthalionetere vad. SLO. fit 1). 6,800 
6 oi] foreeey.f....2 ee ere ere Terr errr re Trier ay ee 
DCO OF TOTGOS Liscgucdsionwidiiadindbiataresnpadead ees 210 
Blacksmith and repair-+shop equipment ...ii..s.s.0.6. |. 10,000 
PER dekh bare haosn oak sv POE ERAN SLC al ee ae Be eet | 
OO) Meacvi-a. tranclorimerbennssstsescreteeeretise wets 
Pees ANd SHOPS B.. MPLITIR IRE ccc tees 35,000 
Or a sid dics ceo de Sas veiw ne nec 
NN a oon cee dow nawaan’ » caaminnedtntasaele Muncie deletes 
Mine rescue and first-aid equipment ......s.caseseoree | 
puriacs Transporiatiomeduipment is «aaauy ides adh ss | 
Total mine surface e equipment +... wna NNR 


see footnote p. 52. 
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TABLE 14, - Capital cost of lant and equipment for minin 





Outside plant:(Cont’d.) 
Crushing plant: (Cont’d.) | 
1 jaw crusher, 54 by 72 in., crushing from run-of- 
mine to 8 in., capacity 500 tons per nour, with 


Texrope drive; shipping weight, 350, 000 Lous Re. $ 36,000 
Freight on crusher J cian Reh Ph go cs NR ep achen care A vidi 4,000 
1 250-hp., 585-r.p.m. motor for crusher, jolaeoas 2,800 
2 cone crushers, 8 in. through 2- Ufa trav wawariaent pinnae 30,000 
Freight: on GOMSICrTUSKErS. ssannwnonemanasians yo soa 1,946 
B wuobous, Usk Ds, GAhveRel ansmensadanenandiancnoann Serer eye 
TORNODS GLIVOS us i tho bncaveqeiouenerotoesnehokneathaeemuniey err | "1,904 
2 pan conveyors from coarse crusher to cone | 
CYUSHSES. ONE ut nian soi pineanadiademiinenentanmncmemianenan | 4,400 
2 belt conveyors; 40. ft..long, from cone crusher to, } 
OTe DING siti sades shh nanmmnnoamenaguinmansmmmayceciermients vans 3,400 
(Mreichtion CONVCYOLE saiseneranedeminonte lasatee eer cy oor PEG 
at eer ek he OTK ‘tao banana sAirhsadte sunsbenbieen ee ene oi LOT 
Freight, 5,670 lb. on E7200 sconsocednisence ne saghienin G6 
Beams for. crane, ineluding freight ....ssesecases pnaliniciae 250 
stallinc Craneiinsdccmpssnacaseoncns pak siesob ane bem heenne rad 283 
Foundation for ¢rushing, plant .....00e. LO ED 4,800 
Installation of 8 crushers and MOtOLrs ...sccercccececeses 12,000 
Installing: AHA SnVeVOUS ucnscaxeesnasdnennncneeeiGerectenean 1,800 
Crusher building, excavation and foundations......... dQ, OOO: « «1: 
TE LRivaieuseu hun sa elas skiedecaicons phvinnsenaonaals isa venue ? $120,055 
Ore bins: ceevhange 
Ore bin, 5,000 tons capacity sthahereaieleaaumasneconmoanienmiaee 
Ore bin, at head of aerial tram, 10, 000 tons capacity 
EXCAVATION FOX. WANS: Sidamdaaeenaerswammamanamromanpneian ead 
Tota Mave Days hdeencans nashionm Kk tins tbaeiebalse eeerere $138,750 
Total outside plant. Eni dudiacpalensinenannal VRenNe oes 2 yevtlte-onk 488,520 
Expenditures required by location of mine: 
Aerial tramway, 2 mi. pone, ssiiknil it hadnt deine oi aii ‘aie OER 550,000 
Road, 12-ft. roadbed, 4 mi. LONG. .+eeree «siren WRN child gate 37,710 
| Water system: 
Pump, 70 gal. per min. ‘against 3,000-ft. ean 
complete, including freight and-installation ......... 
2 15,000- gal. capacity tanke wretmreries di poet peeiegasts 
. Pipe line, 4 4-in., 15,000 ft. at 60 cents a ft., delivered 
40 expansion couples. chAchenhnnnawmmmnaninsnnnn iene ana | 
PALI VIDS TGs casavaecnse coxadiwaevenndicen dra sans ibaebes 
TVA Ls savcaadwidedions Muisek caunenn sacs aeaeeeaten cane 14,795 
Trucking initial equipment from railroad to mine ..... 20,000 
Total expenses required by location ...ceccscccreveeserses 622, 009 
Granda total..... paseih. 4 Sa a ahi a em ata ee trical a'are td aie tee ate de tka 1,350, 226 





Unit prices, except as noted, are those given in the corresponding table o 
aaee plant cost for mining the 20-foot bed. 
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The proposed use of a double tramway to handle 10,000 tons a day rather 
than a railroad to the mine or a haulage adit with a rock raise to the main 
workings may be questioned. To reach the mine, a rise of 2,500 feet is neces- 
sary, with a maximum grade of 2.5 percent, so that a railroad would have to be 
10 miles long. At 1 cent per ton-mile, the charge for hauling the shale would 
be 10 cents a ton, against 2 cents estimated for the tramway. The cost of 
hauling the shale 2 miles from the bottom of a 2,000-foot rock raise would be 
as much as the cost of transporting it over a tramway. Pulling the shale from 
the chutes would increase the cost further. Moreover, the possibility of 
delays and the danger to workmen should this long raise hold up make this 
method unattractive. 


The total equipment necessary for mining 10,000 tons daily (see table 14) 
is estimated to cost $1,350,226, or in round figures, $1,400,000. Amortized 
over 15 years at 6 percent interest, the amount per ton for nb 000,000 tons 
would be $0.043. 


Summary of costs. - The summary of the expected mining costs is shown 


-in table 15. 


TABLE 15. - Summary of costs per ton for mining 10,000 
tons daily from 106-foot bed of shale 


(15 cubic feet = 1 ton) 


brewing, at 100 tone per man = $4.50. incxccusessesssawes | $0.045 
Development work and stope Preparation .orcecesccseseees .296 
Beer L UNGererOUnth CxDON SS 4 sccsusbiccunsssnnam nmuiecigenass .030 
Maser Ounl: EVANS OLTATION, cas anasdenole qaaces osepaiinnae venue .050 
surface labor charged to underground Gtehae ts etecittt ae 
PUPEPVISION, INCIUGINEG CNEINCCTINEG a.scerccareveveedones sons Oat 
CUS Ole + sscnsals ete ainst euadtiak i taaan sete oid mbeoltind dane +ae heii .030 
eT eecondhs ek enepenerioise sanaacetinsbaghatendes se iiiopmedianl | .020 
Workmen’s compensation ere en eer ree ee sO 
Interest on $1,400,000 at S percent, and amortization 

over Lo years enc 12,000, 000 TOs carisvsaccetancanavasees Cy ee 


SA ML asst: tepid cepsieacadh ania > ices tren tiara init dia altibawne sl al clei iace chai 





Undercut Block-Caving Method, Using Scrapers 
In addition to the standard block-caving method as already proposed, an 


alternate plan is advanced for mining the 106-foot shale bed by using scrapers 
in the grizzly drifts. These scrapers would pull the broken shale from the 
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draw points at the bottom of the finger raises along the grizzly drifts and dump ~ 
it directly into cars in the haulage drifts. 


If the shale from the draw points could be drawn by scrapers and loaded 
directly into cars, no working would be necessary below the grizzly level. 


A Slightly larger investment would be required for a scraper system than 
for the standard haulage system. With a branch-vraise system, the raises ty 
act aS measuring devices; whereas, if a scraper system were used, it would be 
harder to estimate the quantity of shale drawn from each draw point. 


The following estimate of mining costs witha scraper system indicates 
a possible reduction of the total cost from $0.576 to 20.5288 per ton, a net 
saving of $0,038, or 7.1 percent. ' oe 


As proposed under the section on block-caving using branch raises, 
preliminary development would be about the same, except that the branch 
raises would be omitted and the haulage drifts would be immediately below the 
bull-dozing level instead of 62 feet below it. Panels would contain 1;862,000 
tons. These panels are 180 feet wide, 1,071 feet long, and normal to the main 
haulage drift. A branch haulage drift runs up one side of each panel. 


scraper drifts are driven across the panels from a point about 8 feet « 
above the branch haulate drifts. These scraper driits are spaced on 30-foot 
centers and are connected at the ends by fringe drifts, which are used for 
supplies and ventilation. 


At points spaced 15 feet apart in the scraper drifts, two draw or finger 
raises are driven up to the undercutting level, just as in the standard block- 
caving method. These raises are belled out as before, and undercutting is 
completed by drilling and blasting out the intervening pillars. 

Panels would be-.cut off at ends and Sides by shrinkage stopes, as for the 
standard caving method. 


Drawing and Scraper System 





Figure 12 shows a suggested design for drawing the she e from the fing2r 
raises through the grizzly drifts by scrapers into the cars.2&/ A long, wide 
hopper is built above the haulage level. A double-drum electric scraper hoist 


18/ The Climax Molybdenum Corporation of America uses 2 Similar system 
at its mine at Climax, Colo. Scraper drifts are also used at the mine of 
the Consolidated Copper Mines at Kimberly, Nev. 
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Figure 12.—Undercut block-caving method for mining 106-foot bed of oil shale by using scrapers in bulldozing drifts. 
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Figure 13.~General lay-out for mining 106-foot shale bed by caving method, using scraper and trains for transportation. 
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is mounted upon the hopper in such a manner that it may be moved from one end 
of the hopper to the other within a very short time so that it may be used for 
scraping from either side of the haulage drift. 


The principal advantages of this method of drawing would be in elimination 
of the necessity of pulling the coarse shale through grizzlies and branch raises. 
Moreover, the accident hazard would be reduced, as the danger of men falling 
through the grizzlies would not exist. 


Figure 13 shows the general lay-out for mining the 106-foot shale bed 
by caving methods, using scrapers and trains for transportation. 


For mining 10,000 tons a day, 6 scraper hoists in each of 5 panels would 
be in drawing service at all times, a total of 86 hoists in all. In addition, at 
least half this number, or 18 more, would be installed in scraper drifts to 
handle shale from stope undercutting. il 


All scraper hoists would’ be of the ‘doubie-drum, electric type, weighing 
approximately 4,500 pounds each. Each would be run by a 40-horsepower 
electric motor. This would give a total of about 2,480 horsepower for scraper 
hoists. It is assumed that the maximum demand, or r peak load, would be about 
half this, or A.ote horsepower: 


Cost of Scraping 


The labor cost for scraping, “pce a ng Siri basis with one operator and ~ 
one helper to each hoist, would be 3 x 5 5.00 + 4.50), or $0.1539 aton. The 
thes ! 
power cost, upon the basis of $4.05 per ( ipohiny Saiseitd per month, or $0.135 
per horsepower per day, would be 1,215 x $0.135 = $0.0164 a ton. 
10,000 


The estimated capital cost of the scraper installation is as follows: 


54 scraper hoists, double-drum electric,.45-hp., complete with 


cable, etc. at +.$2,500 each $135,000 

54 scrapers at $210 each 11,340 

54 steel scraver pends at + $500 each 27,000 

Total 178,340 
Haulage 


Standard train haulage will be used to transport the broken shale from the 
scrapers to the outside. Cost of this equipment should be the same as that under 
the section on Standard Block-Caving methods. 
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Cost per ton, as before, is estimated as $0.05. 


Develooment 


Development work necessary for each panel is shown in table 16. 


TABLE 16. - Developme: nt LOS necessary for 2 pane el 180 Des =e . 


rg en cere Ph Ni ic I BO De A 


method, using scrapers; 1 338,000 tons in ay 


BREE SCR th ORI Na ad [Petal | Per ton 
Main haulage drift (across panel), 8x13x180 ft. 


Bi) Sei Meare DEN Ele bawotee houtlnshts bes Uurbieds ve acmpnpenith dae Go Quihrlidic tab OelMeldes 













Branch haulage drift, 9x10x1121 ft. at $8.49 

DEY Tl. Oidedepeteecsesace checsentee eens enneowmmibieana .0140 
supply or fringe drift, 5x7x1171 ft. at $5.53 

HOE Thee odes shane + « womneretnapies deodorant tee aye tate 0048 
scraper drifts, 85: of 5x7x160 ft., or 5,760 ft. at 

TSS DOI LE enw cud Oi ds hi « dap hahae dary turd oan areiis ded .0234 
Finger raises, 664 12 it. long, or 10,368 ft. at 

$3. ES DAP IL) csvevsedecdicssscedscbasnesesdsedenesaleneel 0296 
Shrinkage stoping, 40,000 tons at 30.70 evassseanee .0205 
Undercutting stoping, 150,000 tons at $0.70..... 0 


Draw-set installations, 422 at EZOO ...serecccesenee 


eee ee 


The cost for general development work necessary for the block-caving 
method of mining the 106-foot shale bed is given in table 17. This work is 
charged against 72,000,000 tons of shale, or a 20-year supply at 10,000 tons 
a day. 


TABLE 17. - General development work necessary 
for mining block of 72,000,000 tons 


| ‘Total | Per ton 
: 0 f 





Mainventry!/, 490 ft. at $17.61 per ft... | $8,628.9 
Ventilation drift, 1,800 ft. at $8.49 per ft. } 15,282. isha Leake B 
41077 VOT REP R: poo yb 23,910.90 | 30.0008 





1/ All of main entry except 490 feet charged to panel development. 
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@®) Total Plant, Amortization, and Interest 


The total equipment necessa ry for mining 10,000 tons daily is the same 
as that shown under the section on block- ~caving with branch raises, with the: 
fol eile exceptions: 


54 double- drum, electric scraper hoists, complete, at i eh: 
Beeroreima yo Re HOO ae is wed gin. Aibevions <tmeeboargs 18 186;000" 


Serene Se. Se i cathomes diidie. och haere. ete 0s. 11,840 
ey 54 scraper re Leak at approximately $500 each......... ECO OO 
ee eee UGA ee us budrecerarbscccehesinrvcdbakwckecomanaces 178,340 

Total of plant cost for mining 10,000 tons, as per 
MER wi sles Jo uhuddachaserdavaraceheroobrnseidbenadacady cnexeee's 1,350,226 
ED Glace inlachasnnanerinv eens ones eakieenwekatlonevenaxeacwyse 173,340 
PE ened cele rui ke einai bbosseveninseseneeleddendasavans 1,520,000 


The cost of the total equipment for block-caving 10,000 tons a day by 
using scrapers therefore is $1,528,566. Amortized over 15 years at 6 percent 
interest, the amount per ton for 72,000,000 tons would be $0.050. 


pummary of costs 


®) The expected mining costs are summarized in table 18. This gives a 
cost of $0.588 a ton compared with $0.576 for block-caving with branch raises, 
or a saving of oN 04 by using scrapers. 


TABLE 18. - Summary of costs per ton for mining 10,000 tons daily 
from 106-foot bed of shale (15 cubic feet = 1 ton) 








Drewineg,.. at JOU tne per man = $4.50 4 sascsecseecacessus $0.045 
PTS IS sactovdcecansgeres ses rranessaesdsousteaseaenaererdaraccons .O16 
Development work and Stope Preparation ...cseccccsere “a0 
SHGMETS! UNUSTETOUIM GXPSNSS cistanparcsenconencsvvmacnans .030 
MOGST TOUR, TPANSDOTTATION ‘a cossswsenannscsenseocsidecexene .050 
surface labor charged to*underground operations.... 025 
PUPSTVISION, INCINGING SHOINGETING o.csi.sscccsersaesevers 027 
Be iaceusadiea beeen chiia Gears sabidenieriurddeeauansens .030 
I seen es Rien eacratas top pede koehinoartiguasveokessee’ .020 
Pe Se CONE fin dssdicancstyatareadicnevenqaners .O10 
Interest on $1,600,000 at 6 percent, and amortization 
Byer io Years and: 72,00, 000 TORS. incsacdsasensacasoaaes weiss 
? eae wee isdn shail ou capone saaueseukie cbraveckepdase> 5388 
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SUMMARY OF EXPECTED PROFITS IN MINING THE THREE 
THICKNESSES OF SHALE C 


Table 19 shows the profit that could be expected from mining shale uncer 
the various plans considered in this paper. It assurnes, for example, a value 
of $1.00 per barrel of 42 gallons ($0.0238 per gallon) for the oil in the shale 
as delivered to the retorts, and a 95-percent extraction of the oil in the retorts. 
From this table it would seem that mining 5,000 tons daily from the 44-foot 
bed would afford the greatest profit, unless the value of the oil in the shale \ 
greatly exceeded $1.00 per barrel, in which case the caving method would be 
most advantageous. 
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TABLE 19. - Summary of profit ver ton in minine various thickness of oil shale 








grace or |kecovery of] Shale {O11 pro-; Value of Cost of | 
Thickness| shale Cul; mined j|duction, joil recovered; mining| Indicated | Indicated 
of shale, zal. gal. per day, bbl. per ton_of shale,| protit,| promt, 
feet per ton er .ton tons — iper day | =. shales per ton|jper ton {| per da 
20 - 44.3 42.1 | 2,000 | 2,000 b1.002 $1.004} Loss ~ 
20 44.3 42.1 4,000 | 4,010 1.002 .964| $0.038 pl52 
44 30.4 33.6 9,000 | 4,000 . 800 fe Be 088 440 
2/106 9725.9 226 10,000 | 5,380 - 538 .5761 loss ~ 
4/106 of aeae 22.6 10,000 } 5,380 .038 ~ooop e 


1f Value of oil recovered, minus cost of retorting. 
2/ Using branch raises. 

3/ Allowing for 10-percent dilution. 

4/ Using scraper system. 
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